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SOME CHARACTERISTICS OF WORD CLASSIFICATION 


D. J. BRUCE 
University of Reading 


An exploratory study is reported which investigates the effect of given structure 
on word classification. Subjects have to complete, by selection from a number of 
alternative items, a word list whose initial entries are systematically varied in relative 
position from subject to subject. The alternative items fall into three reference 
categories, Vegetables, Birds and Mammals, but only two are represented by the 
given entries. The hypothesis that the positional relation of the given words will 
influence completion strategy is confirmed, and there is some indication of the effect 
of increasing the initial representation of one of the given topics. The relation 
between use of the given topic and separation from the given item in subjects’ com- 
pletions is described, and attention is drawn to an underlying consistency in the 
grouping shown by many of the classifications. 


INTRODUCTION 


The acquisition of language skill by an individual is largely a function of two 
activities :-— 


(a) Learning the rules for the serial structure of expression of that language, and 
(b) “Cataloguing ” or classifying the linguistic units employed. 

We shall be concerned here only with the latter activity. Many schemes of classifi- 
cation are used. Some relate to structure, some to length, some to sound. But where 
higher-order linguistic units —-such as words— are concerned, the operationally 
favoured principle of classification is that of reference function. By this term is implied 
the grouping of units according to their semantic availability for a given reference task. 
The use of the principle is most obviously demonstrated in the case of word units, and 
the illustrations following will be confined to this level. 

A good formal example of classification by reference function is provided by Roget’s 
Thesaurus. Such a semantic grouping — of equivalence and antithesis within a super-, 
co-, and sub-ordinate framework — can be made by every language user, though 
generally to a more limited extent. In seeking referential expression we are all able 
to draw, more or less readily, on a group of alternative words related by connotation, 
without the intrusion of irrelevant items, But the associative connections formed between 
words in individual language experience present a more dynamic picture than any one 
such formal statement can give. The Thesaurus may be richer in items, but it only 
begins to suggest the diversity of verbal inter-connections which governs actual 
language behaviour. In practice, classification by reference function entails much more 
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than the division of the language into words with a common meaning. Attempts to 
assess the relations employed by individuals in linking words together (via association 
tests — see, for example, Karwoski and Berthold, 1945; Karwoski and Schachter, 
1948) have indicated connections such as “ Completion ”, “ Egocentrism ”, “ Word 
derivatives ”, and “ Predication ” which, although they have no place in the Thesaurus, 
undoubtedly play an important part in cementing ties between words for the language 
user. “Similarity”, “Contrast”, ‘“ Subordinates”, “Co-ordinates”, “ Super- 
ordinates ”, “ Part-whole”, “Completion”, “ Egocentrism”, “ Word derivatives ”, 
“ Predication ” — all these associative directions, and probably more, are actually 
used in grouping by reference function. 

Although so many avenues are open, the results of verbal association tests also 
suggest that, in certain respects, the individual comes to use an habitually preferred 
route for word linkage. In the first place, habits of verbal association are formed 
whereby the linkage between particular words is highly probable. This is not a matter 
of idiosyncratic experience alone ; habitual responses are likely to be common to 
defined groups of users of a common language. There is evidence of consistency in 
words related right the way up from the individual re-test, through the astonishing 
similarity of response amongst members of the same family that Jung (1917) noted, 
to the communality of association shown by members of a specific professional group 
(Foley and Macmillan, 1943), and ultimately to the majority of speakers of a common 
language. Thus in Kent and Rosanoff’s (1910) test of 1,000 men and women, 650 
gave as their association to the word LAMP the response LIGHT. 

More germane to our present interest is a second suggestion of uniformity coming 
from association test results. This relates character of response to the implicit semantic 
ties between a number of test words. Howes and Osgood (1954) asked their subjects 
to make associations to stimulus words, each of which was presented several times, 
preceded by different word groups. For example, the word DARK would, on one 
occasion, be prefaced by the cluster DEVIL-FEARFUL-SINISTER. On others, the 
preceding constellation would take the form of DEVIL-FEARFUL-BASIC, or DEVIL- 
EAT-BASIC, or 429-124-413. As can be seen, the experimenters’ intention was to 
provide stimulus word groups of varying contextual strength but having the same 
termination — in this instance the item DARK. It could be argued that, when DARK 
was placed after DEVIL-FEARFUL-SINISTER, the word formed part of an associa- 
tive cluster with a unitary reference character, but in the company of digits it shared 
no semantic ties. The other versions could be regarded as of intermediate strength. 
Howes and Osgood had previously obtained associations to the group DEVIL-FEAR- 
FUL-SINISTER, and to the word DARK alone. Responses to DARK were only 
occasionally common to those given to the three word group, whose own associates 
comprised BAD, EVIL, FEAR, FRIGHT, GHOST, etc. But when DARK was placed 
after these three words and its immediate association requested, 34% of the responses 
obtained corresponded to those previously given to the prefacing cluster alone. More- 
over, the percentage correspondence decreased in step with the assumed strength of 
contextual influence : 34% when prefaced by DEVIL-FEARFUL-SINISTER, 22% 
when prefaced by DEVIL-FEARFUL-BASIC, 10% with DEVIL-EAT-BASIC, and 
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5%, equivalent to that for the word DARK by itself, when the preceding group con- 
sisted entirely of digits or nonsense syllables. 

Such results emphasise the pervasive influence of semantic grouping on language 
response, and a further demonstration comes from the work of the present writer 
(Bruce, 1956). In this case, response took the form of written identifications of test 
words heard in the presence of decreasing amounts of noise. Four matched lists of 
monosyllabic words, each fifty items long, were employed as material. Two of the 
lists were a random selection possessing no associative constraint ; in the other two the 
items were grouped by community of reference, one list consisting of food words, 
another of parts of the body. Subjects heard each list six times at improving signal to 
noise ratios. A significantly superior performance (average of 25% better) was shown 
on the contextual lists for the four intermediate testing levels used (-1 db, +3 db, +7 
db and +12 db). It should be noted that no prior information was given to subjects 
about the character of the lists they were to hear. Where a constraint existed, and 
what form the constraint took, was discovered by the subject for himself in the course 
of testing. In addition to the results reported elsewhere, an interesting feature emerged 
concerning the point at which a subject first suspected the existence of a constraint. 
At some stage in the testing subjects would, after completion of a trial, make a remark 
which indicated their conclusion that all the list items referred to the same topic. On 
several occasions this was done when the number of previously written responses actually 
within the (generally correct) context defined was small. Or the decision was referred 
to a point in the preceding trial where only a few responses had yet been made. More- 
over, the contextually appropriate responses that had been made did not necessarily 
occur in immediate succession. Two examples may be given :— 

Subject 8—Context A (Food)—Trial 2: “I did not recognize any of the words as 
having been heard on Trial 1. I soon grasped the food association—in fact after about 
word number five.” The first five of this subject’s fifty responses on Trial 2 were, in 
fact, food words. 

Subject 6—Context B (Parts of the Body)—Trial 2: “ Are they all parts of the body ? 
After six, I attempted to make them so.” In Trial 1 this subject had given nine body 
words, generally distributed amongst the forty-six responses made. The first six of the 
fifty responses to Trial 2 contained four body words, again distributed, two of which 
had also been given in Trial 1. 

The most obvious explanation of the feature would be that subjects, having pre- 
viously encountered one of the contextual lists, might well anticipate another, and 
hence be prepared to make a decision of constraint on a much-reduced basis of 
immediate evidence. Against this is the consideration that they might equally well 
expect another random list, and, in any case, the occurrence of the feature was not 
confined to experience of the second contextual list. In the examples quoted the 
subject is describing his impressions on a first experience of a constrained list. Another 
explanation would be that, although the surprising readiness to make a comprehensive 
classification did not necessarily result from a specific prior contextual experience, the 
occurrence of a constrained list is the sort of thing a subject might reasonably expect 
in a psychological experiment of this kind. No support for this argument could be 
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found when subjects were questioned at the end of the experiment. A third possibility 
is that during the trial subjects might have had in mind interpretations of test words 
which differed from those actually written down in that they were within the operative 
context. Such an experience might have been combined with the sight of the few 
contextually appropriate written responses to give rise to the conclusion that a single 
topic was represented. 

Whatever the explanation, and there are other possibilities, the fact remains that the 
statement by these subjects of their suspicion of an all-embracing topic and the nature 
of the responses they had actually made did not tally. Frequently the decision that the 
fifty test items belonged to a common class was made on the immediate basis of from 
four to ten such written responses. The observation gives rise to the question: “ How 
many items constituting a semantically definable sub-set must there be before the 
percipient attributes that definition to the whole set ? ” 


AN EXPERIMENTAL APPROACH 


An experiment is in progress which may give the answer for one set of conditions. 
The method chosen involves the subjects’ own classification of a potential word list 
by the selection of items from a number of possible alternatives. The alternatives are 
the same for all subjects, but the classificatory task begins at a different starting point, 
as defined by given structure, in each case. Thus in the first test to be described a list 
of twenty possible words is indicated by the initial letters of those words (randomly 
selected). For every subject the first word of the list has already been filled in — by 
the same item, TURNIP. One other word is also given, its position being systemati- 
cally varied from space two to space twenty. This is the name of a bird. The alter- 
natives from which subjects are to select are arranged in alphabetical order and consist 
of the names of Vegetables, Birds and Mammals. It is possible to give an item from 
each of these three classes for every initial letter without duplication. 

Conditions are the same in the second test except that a second bird name is given, 
consistently the last item in the list, and the same word — PETREL. Further tests 
will be based on a given structure of one vegetable, three birds, one vegetable, four 
birds, and so on. The intention is to see whether a quantitatively definable point 
emerges where the classificatory balance tips in favour of one topic, and subjects com- 
plete the list only with bird names, Collateral tests are planned favouring the other 
topics, using different topics, having a different number of alternative topics, varying 
the position of consistently given items, and involving a greater number of list items. 

In general, the hypotheses being tested are :— 

(a) That the number of given items constituting a semantically definable sub-set will 
affect classificatory decisions. 
(b) That the positional relation of given items in different semantic categories will 
affect classificatory decisions. 

The possibility also exists that a particular number of given items referring to a 

common topic will produce a recognisable change in classificatory decision. 
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The present experimental report is on an exploratory study, and is concerned prin- 
cipally with hypothesis (b). 


SUBJECTS AND INSTRUCTIONS 


Nineteen subjects took part in the first test, and eighteen in the second. They were 
mostly graduate or undergraduate members of the Psychology Department. Each 
subject was asked to complete the list “in the way he thought most appropriate ” by 
selecting items from the sheet of alternatives. It was emphasised that the words 
supplied must start with the initial letters given, and subjects were also told that they 
could ask about the meaning of any alternatives which were unfamiliar. The request 
was made that, when the list had been completed, a description should be written of 
how the subject had approached the task. No time limit was imposed, and subjects 
were discouraged from thinking that there was any pre-determined way of completing 
the list. Queries relating to the permissibility of using the same word more than once 
were answered by “ it’s entirely up to you ”. 


RESULTS 


Test 1. Given—One Vegetable, One Bird 

The results of the first test gave some encouragement to the hypothesis that “ com- 
pletion strategy ” would vary with given structure. Table 1 lists the responses, by 
topic, for the nineteen subjects in this test. 

Allowing for the vagaries attendant upon a small sample of this kind, some element 
of patterning appears. With only one exception (Subject 17), subjects towards the ends 
of the response matrix, ie. those for whom the given items were separated by a 
minimum or maximum of spaces, have completed by :— 


(a) Sequential associations, e.g. making up a story, one word suggesting the next, 
etc. Or, 


(b) Topic alternations. Or, 

(c) Complicated number schemes. 

Completion by runs of responses restricted to the semantic class of the given items is, 
in the main, limited to subjects at the centre of the matrix. This point will be returned 
to later. 

The general distribution of responses according to topic is not without interest. In 
all, three hundred and forty-two responses are involved. The percentage division of 
this total is :— 

Vegetable : 43-9%, Bird: 37-4%, Mammal: 18-7%, showing clearly the influence 
of the given items. 

If we call all those responses occurring before the second given item “ Pre-change 
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TABLE 1 
Subjects 
I 23 4 §5 6 7 8 9 10 It 12 13 14 1§ 16 17 18 I9 
2 ot we ee 2 Se ee ee ee ee eA eS ew 
2BMVBVVVVVBVVVVVVVV &B 
3V BMMVVVVMOMVVVVVVV VV 
4MV BVVVVVVBVVVVVVVV &B 
5 BMBBVVVVMMVBVV BBV BY 
6BBMMBVVV BM VM VV BBV B B 
7VVMVBBVVVVVBVVV BV BY 
8 MMV BBBBVMBVMVV V BV B B 
9BBVMBBVBBMVBVVVVVM VY 
Items 10 B V V V B BV BBVV BBV BV VM B 
1BMvVBMBVBBBVVBBBV VM V 
z2MBVMMBV BBM BV BBVV VM B 
3 BV BVMBVBMVBBBBVBVV V 
14MMMBMM V BV BBBBBM BV V B 
5 MBMMMM BBMM BBBBBV VV V 
16VVMV BMV BMVBBBBBVYVV iV B 
17MMMBBM V B BBBBBBV BV B YV 
im V BMM BM V BMM BB BB V B BB B 
19 VV MV BMV BMV BBBBM V BBY 
20 BMV BBMM BV B BB BB BB B B B 
in 


V=Vegetable; B=Bird; M=Mammal. Given items 
Subjects’ completions in Test 1 


bold type 


responses ”, and those occurring after “‘ Post-change responses ”, the respective per- 
centage distribution of topics is as follows :— 

Pre-change : Vegetable 64-3%, Bird 25-7%, Mammal 9-9%. 

Post-change : Bird 49-1%, Mammal 27-5%, Vegetable 23-4%. 

Two inferences may be drawn from these values :— 

(a) The first given item (Vegetable) has had a greater constraining effect on the pre- 
change responses than the second given item (Bird) has had on the post-change re- 
sponses. 

(b) But the effect of the second given item (Bird) has been felt on the pre-change 
responses. Hence the difference in distribution of the two “ secondary ” topics in the 
pre-change (Bird and Mammal) and post-change (Vegetable and Mammal) responses. 
Three subjects show this effect quite clearly. Subjects 13 and 14 start their bird 
responses before the second given item, and Subject 19 completes throughout by an 
alternation of the two given topics. 

The effect of given structure is seen again if the distribution of responses belonging 
to the same semantic class as the given item is considered in relation to their separa- 
tion from the given item. In Table 2 and Figs. 1 and 2 a tendency is seen for the 
percentage of responses corresponding to the given topic to decrease with number of 
spaces from the given item. Values for pre- and post-change responses are recorded 
separately, and it should be noted that while the former are based on responses to 
the same initial letters, the latter must refer to different initial letters in the original 


— =e ew eS ee aS ee 
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Fig. 1. Test 1. Percentage given topic response by separation from given item. 
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TABLE 2 
PRE-CHANGE (Vegetable) POST-CHANGE (Bird) 
No. of Spaces % Given Topic No. of Spaces % Given Topic 
Response Response 

1 77:8 1 61-1 

2 76-5 2 52-9 

3 87-5 3 75-0 

4 60-0 4 60-0 

5 50-0 5 42-9 

6 76-9 6 61-5 

7 50-0 7 50-0 

8 63-6 R 27-3 

9 50-0 9 60-0 
10 55-6 10 22-2 
11 50-0 11 37-5 
12 55-6 12 42-9 
13 33-3 13 16-7 


The percentage of given topic responses according to separation from given items. 


list. Although the trend shown is the same, there is as a result a greater degree of 
scatter in the post-change values. Values are taken only as far as space 13 because of 
the paucity of cases thereafter. Thus there is a greater chance of completion in terms 
of the given topic when the number of required pre- or post-change responses is small. 

We return now to the question of completion strategies. The response matrix 
given as Table 1 shows an odd feature which could be coincidence, artefact, or perhaps 
a point of some significance. Two clusters of given topic responses stand out clearly 
from the other responses. They are the pre-change responses of Subjects 5 to 8, and 
the post-change responses of Subjects 11 to 14. In each case, all the spaces between 
first and second given item, or, where the post-change responses are concerned, all 
the spaces from the second given item to the end of the list, have been filled with 
words in the same semantic class as the preceding given item. These unbroken given 
topic blocks coincide with a range of from four to eight spaces. The only other 
instances of unbroken topic runs came from the pre-change responses of subjects 11 
and 17 (ten and sixteen spaces respectively) and the post-change responses of subject 
8 (eleven spaces). In all the other cases permitting longer topic runs the opportunity 
was not taken. Instead the strategy adopted often led to short topic runs of a similar 
length to the given topic runs supplied by subjects having a shorter range of available 
spaces. Thus subject 5, with fourteen spaces for his post-change responses, completed 
with four birds, five mammals, and five birds. Subject 13 with twelve pre-change 
response spaces listed eight vegetables and four birds. 

The impression arises not only that given structure affects completion strategy, but 
that the resultant strategies tend to produce a common outcome. If grouping is in- 
volved at all, the trend of the classification is towards the supply of short topic runs 
falling within the favoured range of about four to ten items. These limits are to a 
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certain extent arbitrary, but their appropriateness is further suggested by the observa- 
tions :— 

(a) That out of sixteen opportunities for making unbroken runs of more than ten 
items (pre- and post-change responses are considered as contributing independently 
to the total) only two were actually taken. By contrast, nine of the fourteen potential 
shorter runs (four to ten spaces) were actually made. 

(b) As the unbroken runs made consisted only of responses corresponding to the topic 
of the previous given item, the preferred length should be indicated by the range of 
available spaces corresponding to a minimum of responses outside the given topic. 
The occurrence of such responses can be seen under the heading of “ non-given ” in 
the breakdown of results shown below : 


PRE-CHANGE RESPONSES POST-CHANGE RESPONSES 
Spaces No. of No. of No. of No. of 
responses non-given responses non-given 
0-3 6 a4 6 1 
4-10 49 12 49 16 
11+ 116 45 116 70 
giving a percentage incidence of responses outside the given topic as follows: 
SPACES % NON-GIVEN RESPONSES 

0-3 41-7 

4-10 28-6 

11+ 49-6 


Figure 3 shows the same feature the other way round, with pre- and post-change 
responses combined and a finer breakdown. Here the percentage given topic responses 
have a clear maximum at five to seven spaces. 

(c) An attempt at analysis of the completion strategies adopted by the nineteen subjects 
produces the following results :— 


STRATEGY NO. OF CASES 
Sequential associations 3 
Alternations and number schemes 4 
Groupings based on two or three common topic items 2 
Groupings based on four to ten common topic items 8 
Groupings based on eleven plus common topic items 2 


Further discussion of the point will be witheld until after the description of Test 2. 
What relevance, if any, this trend in completion strategy has to the previously 
described tendency to attribute the semantic character of about four to ten responses 
to a fifty item intelligibility list remains very doubtful. The exploratory test just 
described is only the beginning of a series designed to clarify the observation, and is in 
no way critical. It is simply noted that listeners often deduced the semantic unity of a 
word list from a sub-set of about seven common responses, and that here, where the 
structure and content of the list are largely the work of the subject, a preference is 
shown for sub-sets of the same length. 
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Subjects 
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Test 2. Given—One Vegetable, Two Birds 


Table 3 lists responses, by topic, for the eighteen subjects in this test. 

The matrix shows a similar pattern to that described for Test 1, ie. representing 
sequential associations, topic alternations, or number schemes when the first two given 
items are separated by a minimum or maximum of spaces; runs of given topic 
responses when the spacing is intermediate. The presence of the third given item, 
a second bird name, has not then affected the broad pattern of completion strategy. 
However, the percentage representation of topics is altered, and in line with expecta- 
tion. In all, three hundred and six responses are involved in Test 2. The change in 
distribution is as follows :— 


TOPIC TEST 1 TEST 2 
Vegetable : 43-9% 46:1% 
Bird : 37-4% 40-5% 
Mammal : 18-7% 13-4% 


Analysis of pre- and post-change responses separately shows the following distribu- 
tion of topics for the two test conditions : 


PRE-CHANGE RESPONSES POST-CHANGE RESPONSES 
Test 1 Test 2 Test 1 Test 2 
Vegetable : 64-3% 61-4% 23-4% 30-7% 
Bird : 25-7% 24-2% 49.1% 56-9% 
Mammal : 9.9% 14-4% 275% 12-4% 


It will be seen that the over-all differences in topic distribution owe their existence 
to classificatory changes in the post-change responses, that is to subjects’ completion 
of the spaces between the two given bird items, the region of the list where the 
difference in test conditions is focussed. The effect of the additional given item on 
these responses seems to have been :— 

(a) To increase the incidence of bird names, so that the representation of this given 
topic more nearly approaches the representation of the first given topic (Vegetable) 
in the pre-change responses. 

(b) To enhance the tendency to classify in terms of the given (Vegetable and Bird) 
generally, so that Mammals are poorly represented in the post-change responses as 
well as in the pre-change responses. 

The effect of the third given item is also noticeable when percentage response within 
the given topic is once more plotted against number of spaces from the given item. 
As the addition was made in the area of the post-change responses, it could be pre- 
dicted that the trend observed in Test 1 should remain unaltered for the pre-change 
responses in Test 2, Table 4 and Fig. 4 show that this expectation was realised. But 
the comparable graph of the post-change responses (Fig. 5) is very different from that 
for Test 1. The decrease in percentage response within the given topic now extends only 
to the halfway point of the scale of space values. A recovery then takes place which must 
be attributed to the re-inforcing effect of the second given bird item. This is followed 
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TABLE 4. 
PRE-CHANGE (Vegetable) POST-CHANGE (Bird) 
No. of Spaces % Given Topic No. of Spaces % Given Topic 
Response Response 

1 82-4 1 70-6 

2 81-3 2 62-5 

3 73-3 3 60-0 

4 85-7 4 71-4 

5 61-5 5 69-2 

6 66-7 6 33-3 

7 54-5 7 18-2 

8 70-0 8 50-0 

9 55-6 9 88-9 
10 50-0 10 75-0 
11 14-3 11 57-1 
12 50-0 12 33-3 
13 0-0 13 40-0 


The percentage of given topic responses according to separation from given items. 


by a further decrease, the origin of which is, at the moment, obscure. It could be no 
more than a reflection of the small number of cases represented by the greater separa- 
tion values. On the other hand, it is suggestive that this further decline starts from 
a point where the contributing cases have ten or more spaces between the two given 
bird items in the original list. It is more probably, then, an outcome of the change in 
completion strategy brought about by the greater separation of given items. 

Amongst the completion strategies shown in Test 2, the supply of an unbroken 
topic run of more than ten items was again an exceptional occurrence. As in Test 1, 
the preferred strategy where grouping was adopted was to make short topic runs. 
Thus, Subject 18 with seventeen spaces between the first and second given items com- 
pleted with eight vegetables, three mammals and six birds. Subject 6 with twelve post- 
change spaces supplied three birds, five mammals and four birds. 

Out of the fourteen opportunities for making unbroken longer runs, only one was 
actually taken (Subject 13, pre-change responses) compared to seven out of fourteen 
for the potential shorter runs (four to ten spaces). As in Test 1, all unbroken runs 
were in terms of the topic of the previous given item. When the occurrence of 
responses outside the given topic is associated with number of available spaces, a 
similar picture to that provided by Test 1 emerges :— 


PRE-CHANGE RESPONSES POST-CHANGE RESPONSES 
Spaces No. of No. of No. of No. of 
responses non-given responses non-given 
0-3 6 0 6 7 
4-10 49 10 49 8 


11+ 98 48 98 54 
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Giving a percentage incidence of responses outside the given topic as follows : 


SPACES % NON-GIVEN RESPONSES 
0-3 33-3 
4-10 18-4 
11+ 52-0 


Fig. 6 shows that given topic responses had their maximum incidence at five to ten 
spaces in Test 2. 

When an analysis of the completion strategies used in this test is attempted, the 
preference for classification based on short topic runs appears again :— 


STRATEGY NO. OF CASES 
Sequential associations 2 
Alternations and number schemes 3 
Groupings based on two or three common topic items 3 
Groupings based on four to ten common topic items 8 
Groupings based on eleven plus common topic items 2 


SPECULATION 


The expected progression for this experimental series is that classification will pass 
from the present degree of use of the three alternative topics (Vegetable, Bird and 
Mammal), through a dropping of the topic which is never given, to a completion 
exclusively in terms of the predominant given topic. Whether or not such an orderly 
development is forthcoming, a feature has already appeared which is worth emphasis- 
ing. This is the tendency, under the conditions of given structure reported here, to 
complete by runs of common topic responses not exceeding ten items. 

There is, incidentally, no incompatibility between the possible continued use of these 
short runs and completion wholly in terms of one topic, if the latter appears under 
the conditions hypothesized—i.e., a particular given structure involving an increased 
number of semantically similar given items. The observation refers to the number of 
common topic responses supplied by the subject before, after, or between given items, 
and not to the length of the sequence produced when the given items are themselves 
counted in. The latter are used by the subject as reference points in completion. 
However, the most telling evidence that this short run feature is not just an artefact 
must come from conditions where the ratio of number of given items to list length 
is a minimum and/or the spacing of given items allows the possibility of longer runs. 
The two tests reported here represent these conditions for a twenty item list, and a 
combination of their results produces the following evidence :-— 

(a) The proportion of actual to possible unbroken longer run completions (eleven 
spaces or more) is 3/30. The proportion of actual to possible unbroken shorter run 
completions (four - ten spaces) is 16/28. 


en 
un 


D. 7. Bruce 




















GIVEN TOPIC RESPONSE 
w 
°o 


le 


























2-4 5-7 8-10 = I-13 14-16 17-18 
AVALABLE SPACES 


Fig. 6. Test 2. Percentage given topic response by number of spaces available. 


1oo 1 

















®o GIVEN TOPIC RESPONSE 
8 


























2-4 5-7 8-10 U-13 14-6 17- 8 
AVAILABLE SPACES 


Fig. 7. Tests 1 and 2. Percentage given topic response by number of spaces available. 


15 








16 Some Characteristics of Word Classification 


(b) Associating the occurrence of responses outside the given topic with number of 
available spaces results in the following percentage distribution :-— 


SPACES % NON-GIVEN RESPONSES 
0-3 37-5 
4-10 23-5 
11+ 50-7 


(c) The complementary distribution of given topic responses, using a finer scale of 
space values is :— 


SPACES % GIVEN RESPONSES 
2-4 61-0 
5-7 94-5 
8-10 67-0 

11 - 13 56-5 

14 - 16 47-5 

17 - 18 42-0 


These results are shown graphically in Fig. 7. 


(d) The frequency distribution of completion strategies employed by the thirty-seven 
subjects appears thus : 


STRATEGY NO. OF CASES 
Sequential associations 5 
Alternations and number schemes 7 
Groupings based on two or three common topic items 5 
Groupings based on four to ten common topic items 16 
Groupings based on eleven plus common topic items a 


A genuine preference does seem to exist for a classification based on groups of around 
seven items. With a range of available spaces approximating this value subjects show 
a greater tendency to make a simple extrapolation from the semantic class of the given 
item. When the range of available spaces is in some excess of this value, the other 
topics are called into response, but, if groups are used, their size tends to remain 
constant around the same value. 

What could be the source of this preference? Miller (1956) has drawn attention 
to the ubiquitous presence of values around seven in the data concerning human 
capacity for processing information. In particular, the immediate memory span for 
items, irrespective of their information value, can be consistently defined by a length 
reminiscent of that of the topic runs reported here. The organizational processes 
which achieve information enrichment of this constant item span are themselves 
closely allied to the activity of classification. May it be that when the subject has the 
opportunity to create a classified word list he does so in a way commensurate with his 
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immediate memory span ? For example, it is a reasonable assumption that the division 
of seventeen items into eight vegetables, three mammals, and six birds produced for 
Subject 18 a classification which was mnemonically more acceptable than a list of 
seventeen vegetables with its attendant order information problem. Some attempt will 
be made to test the validity of this suggestion as the investigation proceeds and more 
data becomes available. 
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A COMPARATIVE STUDY OF TWO HESITATION 
PHENOMENA 


FRIEDA GOLDMAN-EISLER 
University College, London 


The durations of hesitation devices such as the sounds /q, ¢, 2, r, 9, m/, also 
called filled pauses, were measured and compared with the durations of silent 
hesitations or unfilled pauses. Their individual consistency and psychological 
significance were also investigated and the relation to uncertainty of filled pauses and 
unfilled pauses respectively was compared. It appears that under certain conditions of 
speech production the two hesitation phenomena reflect different internal processes. 


INTRODUCTION 


Previous work by the writer on hesitation pauses concentrated on the silences which 
interrupt speech utterance (Eisler, 1958a, b). A recent paper by Maclay and Osgood on 
“Hesitation phenomena in Spontaneous English” (1959) deals with four types of 
hesitation phenomena ; beside the silent pauses which they call unfilled pauses (UP) 
they also studied the occurrences of sounded hesitation devices, i.e., the /a, €, #, r, 2, 
m/ sounds of hesitation which they call filled pauses (FP), as well as repeats and false 
starts. We shall here be interested only in the hesitation phenomena of unfilled and 
filled pauses. 

Maclay and Osgood recorded these phenomena by taking counts of their frequency. 
Thus unfilled pauses are counted by occurrence irrespective of their duration, in the 
same way as the filled pauses. (The writer’s own method of recording unfilled pauses 
consists, apart from recording their occurrence, in measuring their duration from visual 
speech recordings (Eisler, 1956, 1958a, b).) 

Maclay and Osgood have also taken note of the position of filled and unfilled pauses 
in the sentence, and in relation to the grammatical function of words. 

The following results relevant to the present paper emerged from their analysis: 

(1) Both filled pauses and unfilled pauses are found to occur more frequently before 
lexical words than before function words. But unfilled pauses are relatively more likely 
to appear before lexical words. 

(2) For those constructions that can be analysed statistically, filled pauses occur more 
frequently at phrase boundaries than within phrases. These are statistically significant 
tendencies, not cases of absolute complementary distribution in the linguistic sense. 

(3) Filled pauses and unfilled pauses were a matter of individual differences ; the 
relative “ preference” for hesitation phenomena of different types seems to be an 
aspect of individual style of speaking. 

It should be noted that conclusion (2) is a corollary of conclusion (1) as phrases 
commonly start with function words while most lexical words occur within phrases. 
With the greater uncertainty in the choice of lexical words it follows that unfilled pauses 
are better indicators of uncertainty of choice than filled pauses. 
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Maclay and Osgood suggest that the distinction between filled and unfilled pauses 
as indicated in (1) and (2) lies mainly in the duration of the non-speech interval. They 
write : 

“ Let us assume that the speaker is motivated to keep control of the conversational 
‘ball’ until he has achieved some sense of completion. He has learned that unfilled 
intervals of sufficient length are the points at which he has usually lost his control— 
someone else has leapt into the gap. Therefore, if he pauses long enough to receive 
the cue of his own silence, he will produce some kind of signal (ah, m, er) or perhaps 
a repetition of the immediately preceding unit, which says in effect: ‘I’m still in 
control—don’t interrupt me’. We would thus expect filled pauses and repeats to occur 
just before points of highest uncertainty, points where choices are most difficult and 
complicated.... This assumption that ‘ah’ type pauses are reactions of the speaker 
to his own prolonged silences at points of difficult decision is consistent with our 
finding that these two pause-types are merely statistically, not absolutely, different in 
distribution. ... The less probable the sequence, the more prolonged the non-speech 
interval and hence the greater the tendency for an ‘ ah’ or a repetition.” 

Maclay and Osgood’s suggestion concerning unfilled pauses and their relation to 
difficult decisions is in keeping with the writer’s own experimental results as was 
pointed out by these authors (Maclay and Osgood, 1959) and further evidence derived 
from measurements of pause duration has since been produced by the writer (1961) to 
demonstrate that “the less probable a sequence the more prolonged the non-speech 
interval ”. 

Maclay and Osgood’s observations on the distinction between filled and unfilled 
pauses raising the question of the relative significance of the former has stimulated the 
present investigation. Its purpose has been to see to what extent the introduction of 
the criterion of time might help to illuminate further the relative functions of filled 
and unfilled pauses. 


MATERIAL 


The speech samples used for this investigation were taken from an experiment, 
reported elsewhere (Eisler, 1961), which was concerned with the relation of hesitation 
pauses to degree and level of selection and uncertainty. It consisted in showing subjects 
cartoon stories without captions (of the kind regularly published in the “ New Yorker ” 
magazine) asking them first to describe the content of the stories and then to formulate 
the meaning, point, or moral of the story. Experimental conditions were thus created 
for the study of pauses (a) in speech produced within a relatively concrete situation, 
ie., a given sequence of events (through their description) and (b) in speech uttered 
in the process of abstracting and generalising from such events (through summarising 
their meaning). 

The speech produced by the subjects was recorded, transcribed and visual records 
obtained of the sequences of sound and silence, the length of which were measured, 


as described in a previous paper (Eisler, 1956). 
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TABLE 1 
DESCRIPTIONS SUMMARIES 
Cartoons Cartoons 
Subjects l 2 1 2 
Ha 5.88% 0.00% 0.00% 2.45% 
Tr 0.62 2.56 0.88 2.35 
Co 4.80 4.26 15.38 7.14 
Sa 1.23 0.88 10.34 0.00 
Gi 5.26 2.21 9.01 5.45 
Ne 3.48 5.81 18.52 2.78 
Am 4.63 1.06 1.47 4.21 
Do 0.00 0.00 57.10 1.33 


Percentage of total pause time taken up by filled pauses. 


The results showed that (a) speech describing observed events contains considerably 
less hesitation (as measured by duration of pauses) than speech produced in conveying 
the meaning of these events. 

(b) Hesitancy (pause length per speech unit) which is independent of the length of 
utterances in descriptive speech, becomes a function of brevity of verbal expression 
when the meaning of the cartoon stories is summarised. Greater conciseness in 
summarising was associated with more hesitation. 

(c) A transitional analysis executed on descriptive speech and summaries separately 
showed the summaries to carry words of significantly greater uncertainty than the 
descriptions. (Oral communication at 4th London Symposium on Information Theory, 
1960, to be published.) The material of this experiment was used for the present study. 

Measurements were taken of the durations of the filled as well as the unfilled pauses ; 
this was done for descriptions and summaries separately. 


RESULTS 


1. Relative length of filled and unfilled pauses. 

Time measurements of the filled pauses which occurred in the speech of nine 
subjects, describing and summarising 7 - 9 cartoons each, showed that the duration of 
filled pauses ranged between 0-2 to 0-8 sec. each. The total length of time taken up by 
filled pauses in relation to the total non-speech pauses (filled plus unfilled pauses) 
covered a range from 0-0 to 18-5% of the total pause time with a single stray value of 
57:1% where there was very little pausing of any kind and the verbal statement itself 
was very short. The mean percentage of the total pause time taken up by filled pauses 
was 5-7% (including the value of 57-1% in the total). This figure, however, covers a 
very wide spread (see Table 1) with nearly two-thirds of the filled pauses taking up 
less than 5% of the total pause time, and three-quarters less than 6%. 

Relating the length of filled pauses (FP) and unfilled pauses (UP) to the output of 
speech (number of words produced), in the descriptions FP time per word produced 


Ra 
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TABLE 2 
DESCRIPTIONS SUMMARIES 
Subjects FP/w UP/w FP/w UP/w 
Ha 0.00 sec. 0.53 sec. 0.0lsec. 1.69 sec. 
Tr 0.02 0.56 0.04 1.88 
Wi 0.01 0.30 0.02 1.00 
Sa 0.01 0.33 0.01 1.62 
Gi 0.02 0.27 0.01 0.46 
Ne 0.01 0.38 0.04 0.72 
An 0.09 0.40 0.50 0.74 
Do 0.00 0.30 0.01 0.77 
Th 0.01 0.22 0.01 0.61 


Time occupied by filled pauses (FP/w) and unfilled pauses (UP/w) in descriptions and in 
summaries, expressed in seconds per word produced: mean values based on 7-9 cartoon 
experiments with each subject. 


TABLE 3 
DESCRIPTIONS SUMMARIES 
Subjects (FP, UPt) (FP, UPt) 
Tr 0.928** 0.667* 
Sa 0.867** — 
Gi 0.372 0.596 
An 0.955** — 


** Significant at 1% level. 
* Significant at 5% level. 


Rank correlations between filled pause frequencies (FP) and the total time occupied by unfilled 
pauses (UPt). 


(FP/w) was 0-013 sec. against UP time per word (UP/w) of 0-365 sec. and in the 
summaries, 0-023 sec. against 1-054 sec. 


2. Filled pauses, unfilled pauses and points of uncertainty. 

The relation was studied of the frequency of filled pauses to the total time of unfilled 
pauses (FP/UPt) in descriptions and those summaries which were long enough to 
permit such correlation, for each of four subjects separately. (The correlations were 
based on nine and seven cartoons for each of two subjects.) The frequency and vari- 
ability of filled pauses for the rest of the subjects were too low to justify correlation. 
Table 3 shows that for three out of the four subjects the frequency of the filled pauses 
Is a function of the duration of the unfilled pauses. It has been shown (Eisler, 1961) 
that the total length of unfilled pauses is a function of the total length of verbal 
productions. The longer we speak, the more words we produce and the more time we 
spend being silent. As linguistic and speech phenomena are functions of time, it is 
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The rate of growth of unfilled pause time with total speaking time, measured by the number of words produced, for 9 different subjects. 


Each section shows the results for four verbal tasks: 
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not surprising to find that the frequency of filled pauses increases with the increasing 
total length of unfilled pauses. 
Fig. 1 shows however that the rate of growth of unfilled pause time with total 
speaking time differs for different individuals, and in the same way we must expect 
that the rate of increase of filled pauses relative to unfilled pause time will be a 
discriminating factor in different individuals, and under different conditions. 
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TABLE 4 
DESCRIPTIONS SUMMARIBS 
Subjects FP/UPt FP/UPt 
Ha hive 1 : 83 
Tr oe 1:14 
Co 1:19 i: 
Sa Bia 1: 16 
Gi 1:4 1:6 
Ne ES, 1:4 
Au 1:4 R34 
Do 1: 114 i: 3 
Th BS i: 


Ratios of filled pause occurrence to the time occupied by unfilled pauses (in seconds). 


TABLE 5 


Subjects Descriptions Summaries 


Ha 0.013 0.012 
Tr 0.079 0.074 
Wi 0.052 0.079 
Sa 0.138 0.062 
Gi 0.249 0.175 
Ne 0.140 0.250 
An 0.264 0.273 
Do 0.009 0.005 


Mean FP/UPt rates. 


Table 4 shows the ratio for nine subjects of the frequency of filled pauses to the 
duration of unfilled pauses (in seconds) for descriptions and summaries. It illustrates 
the considerable differences among individuals in the silence they can tolerate without 
breaking it with vocal activity. The exceptional ratio 1 : 114 for subject Do. must 
however be interpreted in the light of the fact that this subject was particularly curt 
in utterance and short in pausing. The infrequency of filled pauses under these 
circumstances falls in well with Maclay’s and Osgood’s suggestion that “ ah” or “m” 
sounds are speakers’ reactions to their own prolonged silences. The silences of subject 
Do. were rarely long enough to stimulate him into signalising vocally that he was still 
talking. For the rest, the consistency of individual ratios of filled pause frequency to 
unfilled pause duration is evident even from these average figures when we compare 
descriptions and summaries. An analysis of variance based on filled pause occurrence 
’ per second of unfilled pause time for six subjects shows the degree and significance of 
this consistency (Table 6). 

A coefficient of reliability calculated from the variance ratio was 0-950. It is also 
evident from this analysis of variance that the different levels of speech production 
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TABLE 6 
SOURCE SUM OF SQUARES df VARIANCE ESTIMATE 

Descriptions and summaries 0.0172 1 0.0172 
Between subjects 0.5226 5 0.1045 
Interactions 0.5969 5 0.1195 
Within subjects (error) 0.6041 116 0.0052 
Between subjects /Error F = 20.1 p <. 0.001 

Descriptions and summaries/Error F= 3.3 Not significant 
Interaction F = 229 p <. 0.001 


Analysis of variance: filled pause rate (FP/UPt) for descriptions and summaries, based on 6 
subjects and 128 cartoons (5 cartoons for 4 subjects and 7 cartoons for 2 subjects). 


operating in descriptions and summaries which were reflected most significantly in the 
length of unfilled pauses (Eisler, 1961) showed no systematic effect on the rate of 
filled pause occurrence per second of unfilled pauses. However, individual differences 
accounted for only about half of the variance whilst the other significant half was due 
to interaction effects between subjects and cartoons. 


CONCLUSIONS AND DISCUSSION 


Three conclusions seem to be justified on the basis of the above results: 

(a) That the ratio of filled pause occurrence to the time occupied by unfilled pauses 
can be classed as a speech habit characteristic of individuals. 

(b) That in contrast to silent hesitation (unfilled pauses) which have also been shown 
to contain a habitual factor (Eisler, 1961) deviations from habitual filled pause rate 
are not stimulated by cognitive factors such as degree of abstraction in speech produc- 
tion or difficulty of choice as measured by transition probability. 

(c) That on the other hand, judging by the significant interaction between subjects 
and cartoons, factors connected with the content of the cartoons do seem to stimulate 
subjects to deviate from their habitual filled pause rate. This suggests an emotional 
factor. 

The two hesitation phenomena of filled and unfilled pauses would thus appear to 
reflect different internal processes, cognitive activity being accompanied by an arrest 
of external activity (speech or non-linguistic vocal action) for periods proportionate to 
the difficulty of the cognitive task, while emotional attitudes would be reflected in vocal 
activity of instantaneous or explosive nature. 

This interpretation was put to the test by correlating the mean filled pause rate (FP/ 
UPt) for nine subjects with their mean hesitancy (unfilled pause length per word, P/w). 
The correlation Spearman’s r, was — 0-665, significant at the 0-05 level of probability 
for the summaries. There was no significant relation (r = 0-100) for the descriptions, 
but this might have been expected from the small range of individual differences in 
hesitancy (P/w) which was not only less in extent, but also less discriminating between 
individuals in the descriptions. The summaries which represent responses to a con- 
siderably more difficult cognitive task resulted not only in greater hesitancy generally, 
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TABLE 7 


DESCRIPTIONS SUMMARIES 


Subjects P/w P/w 
Th 0.22 sec. 0.61 sec. 
Ha 0.53 1.69 
Tr 0.56 1.88 
Wi 0.30 1.00 
Sa 0.33 1.62 
Gi 0.27 0.46 
Ne 0.38 0.72 
Au 0.40 0.74 
Do 0.30 0.77 


Pause time per word produced in descriptions and in summaries. 


but also in wider differentiation between the specific hesitancy of individuals, as may 
be seen from Table 7. The negative correlation of these latter values (P/w) with the 
subject’s mean filled pause rate (FP/UPt) shows that subjects whose hesitancy in 
formulating summaries was greater, were less inclined to break their silences with “ ah ” 
or ‘“‘m™” sounds, while subjects whose silent pauses were shorter, uttered more of 
such sounds. This would seem to contradict Maclay and Osgood’s suggestion that filled 
pauses are responses to length of unfilled pauses, but it is a conclusion applicable under 
specific conditions, namely in a situation requiring high level cognitive activity. Under 
conditions requiring processes of abstraction and generalisation those who hesitated 
longer in silence, who also produced more concise statements and words which were 
less predictable, produced fewer filled pauses per second of unfilled pause time, while 
the less hesitant subjects who produced the more long-winded summaries and more 
predictable words produced filled pauses at shorter intervals of silence. 

Thus those who consistently achieved superior (more concise) stylistic and less 
probable linguistic formulations are consistently inclined towards delay of action and 
tolerance of silence, whilst the inferior stylistic achievement (long-winded statement) of 
greater predictability is linked to greater verbal as well as vocal activity and to 


intolerance of silence. 
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SEGMENT INVENTORIES FOR SPEECH SYNTHESIS * 


Eva SIVERTSEN 
University of Michigan and Norges Lererhegskole, Trondheim 


Speech synthesis may be based on a segmentation of the speech continuum either 
into simultaneous components or into successive time segments. The time segments 
may be of varying size and type: phonemes, phoneme dyads, syllable nuclei and 
margins, half-syllables, syllables, syllable dyads, and words. 

In order to obtain an estimate of the size of the segment inventory for each type of 
segment, a phonological study was made of the particular phoneme sequences which 
occur in English, particularly in relation to the immediate constituents of the syllable 
(nucleus and margin) and to the syllable. An estimate was also made of the number 
of prosodic conditions required for each type of phoneme sequence. 

It was found that in general there is a direct relationship between the length of the 
segment and the size of the inventory. However, when the borders of the proposed 
segments do not coincide with the borders of linguistic units, the inventory has to be 
relatively large. 

The value of using the various types of segment for speech synthesis is discussed, 
both for basic research on speech and for practical application to a communication 
system with high intelligibility. 


1. INTRODUCTION 


1.1. Types of Synthesis 

There are basically two methods for synthesizing speech, depending on the under- 
lying type of segmentation of the speech continuum. 

(a) If the speech continuum is segmented into simultaneous components, speech may 
be synthesized by controlling the various parameters independently and simultaneously. 
The parameters may be physiological, such as larynx activity, nasalization, point of 
oral constriction, degree of oral constriction, and lip opening ; or they may be acoustical, 
such as fundamental frequency, laryngeal spectrum, formant frequencies, formant band- 
widths, formant amplitudes, and overall amplitude. 

(b) If the speech continuum is segmented in time, speech may be synthesized from 
successive building blocks. The building blocks may either be taken from normal 
recorded utterances, or they may be produced electronically. 


* This work was supported by the Information Systems Branch of the Office of Naval Research 
of the United States Navy, under contract Nonr 1224(22), NR 049-122, and by the Norwegian 
Advanced Teachers’ College (Norges Lererhegskole), Trondheim, Norway. 

This paper is based on the material which appears in Report No. 5 from the Speech Research 
Laboratory of the University of Michigan, henceforth called SRL Report No. 5. The appendices 
of the Report contain some material which is excluded here. Thus, the occurrence of particular 
phoneme combinations is specified for each of the major sources used for this study. In the 
present paper only an overall list for English in general is given. 
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phoneme sijpii/j/t/;sJ{]s;tetTgimilaTnitTs 
; af iy i ee a 
phoneme dyad Lstepjile[s[sleTa[mfo[n|e]s] 
IC of syllable s|p|i tisSislelTaglm]fa nits 
l 
half-syllable s|pjile [J SEE m}ain|{t|s 
| 
syllable ls|plale ls s|elg mjaln|{t|s 
| | | | 
syllable dyad sj|p/if[t[S[sle[a[m[elnfeTs] 
word s}pj/aijfe lJ sife|;g{mie[n]el|s 














Fig. 1. 


In the latter type of synthesis, the building blocks may be of varying size (Peterson 
and Sivertsen, 1960). They may be phonemes, phoneme dyads, immediate constituents 
of the syllable, half-syllables, syllables, syllable dyads, or words. Fig. 1 shows which 
particular segments, of each type, would be needed for synthesizing the utterance 
/spitf segmonts/ speech segments. One might expect that the number of segments 
required for storage will increase with the length of the building blocks. 


1.2. Phonemes 

It would seem that if the phoneme is chosen as the basic unit, a very limited set of 
segments would be required. Thus, for one type of American English one would need 
15 syllable nuclei and 22 consonants, multiplied by the number of prosodic conditions 
required for each phoneme. Assuming that we need three pitch levels and four pitch 
glides, and that the glides occur on the nuclei (cf. 2-33, 3-3), the following number of 
segments would be required : 


Voiceless consonants 8 x 1 = 8 
Voiced consonants 14x 3= 42 
Syllable nuclei 15 x 7 = 105 


Total = 155 
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However, speech synthesized in this way would hardly be intelligible, even if each 
phoneme was represented by several allophones in the segment inventory, one for each 
general type of phonological context. One reason is that the target positions of the 
phonemes are not the only clues for phoneme recognition: the transitions between 
them may be equally important. Besides, these target values are convenient and 
necessary abstractions set up by linguists and phoneticians, but they are not always 
actually present in the speech wave. It seems necessary to include more of the dynamics 
of speech in the segments. The phoneme-segment approach has been studied by 
Harris (1953). 

An alternative would be to employ segments of less than phoneme length. This 
method has not been tried, except as part of a time-frequency compression-expansion 
system (Fairbanks, Everitt, and Jaeger, 1954). It is not immediately apparent that 
such an approach would be useful for speech synthesis, and no estimates are available 
for the number of segments required. 


1.3. Phoneme Dyads 
The Speech Research Laboratory of the University of Michigan has examined the 
possibility of using the phoneme dyad as the basic segment for speech synthesis in 
order to account for some of the dynamics of speech (Peterson, Wang, and Sivertsen, 
1958). This approach has been tested only by mechanically cutting out segments of 
magnetic tape from recordings of natural utterances, and resplicing them, but it could 
conceivably also be used in electronic synthesis. The dyad has as its centre the transi- 
tion between two phonemic or phonetic units, the cut being made in the relatively 
sustained part of the units. Thus [ket] would be made up of the segments 
# k F et t# 
sc oe ee Bal ee 
In general, n + 1 segments are required to synthesize a sequence of n phonemes. 
If each syllable nucleus and each consonant is represented by one allophone in the 
list of essential phonetic units, in one type of American English the dyads would be 
combinations of the following units: 


Syllable nuclei 15 
Consonants 22 
Juncture, or silence 1 
Total 38 


If one assumes that all combinations occur, the total number of dyads would be 38 x 
38 = 1444. However, it is not likely that all combinations will occur. On the other 
hand, some phonemic units may have to be represented by more than one allophone in 
the list of basic units. Finally, the number of dyads would have to be multiplied by 
several conditions of prosody. 

Wang and Peterson (1958) made an estimate of the total number of phoneme dyad 
segments required for speech synthesis. They first established an inventory of essential 
phonetic units, including silence, syllabic consonants, [t{] and [d3] as monophonemic 
units, and two allophones of each of the phonemes /2, p, t, k/, and considering [al, 
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au, oI] sequences of vowel + glide (/j/ or /w/). Their total inventory is 43. They 
then examined which particular two-member combinations would be necessary for 
speech synthesis. Computations based on their Figs. 1 and 2 show that an inventory 
of 1218 dyads is sufficient, when intonation differences are ignored. In order to account 
for intonation, 8460 dyad segments are required. 


1.4. Longer Segments 

In the following pages some of the other possibilities of segment types will be 
explored. The size of the segment inventory in each case will be estimated, and for 
the two shortest segment types the particular phoneme sequences which would be 
needed will be listed. 


2. DATA 


2.1. Sources 

There are a number of studies of phoneme sequences in English. Most phonological 
descriptions will include a statement of the distribution of the various phonemes, the 
restrictions on their occurrence, and the syllable structure. There are also a number 
of studies of the frequency of occurrence of phonemes, syllables, and words. The data 
which form the basis of the present paper were taken from those studies which state 
the distribution of phonemes most completely and systematically. An attempt was made 
to establish which particular phoneme sequences occur in their lists or are possible 
according to their formule or rules of distribution. 

The following publications were excerpted as fully as possible : 

G. Dewey, Relativ Frequency of English Speech Sounds. 

N. R. French, C. W. Carter, Jr., and W. Koenig, Jr., The words and sounds of 

telephone conversations. 

K. Malone, The phonemic structure of English monosyllables. 

J. D. O’Connor and J. L. M. Trim, Vowel, consonant, and syllable—a phonological 

definition. 

B. Trnka, A Phonological Analysis of Present-Day Standard English. 

B. J. Wallace, A Quantitative Analysis of Consonant Clusters in Present-Day English. 

B. L. Whorf, Linguistics as an exact science. 

In addition, a number of other phonological studies of English were consulted, and 
the lists were supplemented by material which the author has otherwise found. The 
following publications were of particular importance: 

L. Bloomfield, Language. 

A. A. Hill, Introduction to Linguistic Structures. 

D. Jones, An English Pronouncing Dictionary. 

J. S. Kenyon and T. A. Knott, A Pronouncing Dictionary of American English. 

C. Wood, Wood’s Unabridged Rhyming Dictionary. 

The two pronouncing dictionaries were used for an unsystematic check on any 
additional word-initial phoneme sequences, and the rhyming dictionary provided data 
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TABLE 1 
PUBLICATION DIALECT CORPUS 
G. Dewey, Relativ Frequency of American English. 1,370 most common syllables, 
English Speech Sounds. making up 93-3% of the total, 


in 100,000 words of printed 
material, transcribed according 
to Funk and Wagnall’s 
Standard Dictionary. 


N. R. French, C. W. Carter, and W. American English. 737 most common words, mak- 


Koenig, Jr., The words and sounds (various dialects). ing up 96% of the total occur- 
of telephone conversations. rence of words, in 80,000 words 
of telephone conversations. 

K. Malone, The phonemic structure of American English All monosyllabic words. 

English monosyllables. (various dialects). 

J. D. O’Connor and J. L. M. Trim, Received Pronunci- All monosyllabic words, ex- 
Vowel, consonant, and syllable—a ation of Southern cluding proper names, foreign, 
phonological definition. England. learned, and rare words. 

B. Trnka, A Phonological Analysis of Received Pronunci- All monomorphemic words 
Present-Day Standard English. ation of Southern listed in An English Pronounc- 

England. ing Dictionary by D. Jones. 

B. J. Wallace, A Quantitative Analysis American English 10,000 words of tape-recorded 
of Consonant Clusters in Present- running conversation in a Mid- 
Day English. Western university community. 

B. L. Whorf, Linguistics as an exact “ Standard Mid- “The monosyllabic word in 
science. Western American.” English.” 


List of publications excerpted, with a view to establishing the phoneme sequences occurring in 
English. 


on final sequences. A similar check was not undertaken for word-medial position. 

The number of phoneme sequences which are listed in or which are considered 
possible according to each of these studies varies, partly because they deal with 
different dialects of English, partly because they are based on corpora which differ in 
type and size, and partly because they represent different phonemic analyses of English. 
In order that one may evaluate and compare the figures computed from their data, a 
brief description of the corpus of each study is given below, with a discussion of the 
interpretation of their material. Table 1 gives the descriptions in condensed survey 
form. 

Dewey’s overall data comprise 100,000 words of written material, running texts, 
which he transcribes according to Funk and Wagnalls’ Standard Dictionary. In this 
material he finds 4,400 different syllables. Out of these, 1,370 syllables occur more 
than 10 times each, and make up 93-3% of the total material. In our tables (3.1, 4.1) 
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under “‘ Dewey I” are listed the 1,370 most common syllables, whereas “ Dewey II” 
represents the expanded list given in his Appendix B, where he lists all those syllable- 
initials and syllable-finals he has ever found. Dewey II does not give any information 
about the combinatory possibilities between syllable nuclei and margins. 

He does not discuss how he divides the words into syllables, but it is assumed that 
he follows the principles laid down in the dictionary. It is likely that much of what 
Dewey lists as syllable-initial and syllable-final under another type of analysis could 
be considered parts of interludes (Hockett, 1955 and 1958). 

Syllabic consonant clusters (22 in Dewey I, 51 in Dewey ID), with /n/ or /l/ as 
the syllabic centre, are not included in the present data. 

French, Carter, and Koenig, henceforth abbreviated to “ French ”, used a corpus of 
1,900 telephone conversations, comprising 80,000 words altogether. These 80,000 
words represent 2,240 different words, 737 of which occur in at least 1% of the 
conversations and together make up 96% of the total occurrences of words. 

Different dialects are represented in these telephone conversations. It has not been 
possible to take this into account: the present writer transcribed the 737 words, which 
French et al. give in normal orthography, according to a stressed, dictionary pronunci- 
ation, as given by Kenyon and Knott. Where Kenyon and Knott list more than: one 
form, the first listing was chosen, which is presumably the most common one. Examples 
are: 

coffee, long: />/ only, not /a/ 

what, want: /a/ only, not />/ 

with: /5/ only, not /6/ 

always: /1/ only, not /e1/, in the last syllable 
The contrast between /or/ and /our/ was preserved, in accordance with the first 
variant given by Kenyon and Knott. 

Only word-initial and word-final sequences are listed: no attempt was made to 
divide the disyllabic and polysyllabic words into syllables. Out of the 737 words, 371 
are monosyllables. The average length of the words is, according to the authors, 1-23 
syllables. 

Since no inflected forms are included in the word list, the total number of syllable- 
finals listed here is probably considerably lower than the number which actually 
occurred in the telephone conversations: a number of final clusters ending in /t, d, s, z/ 
will be missing. 

Malone deals with monosyllabic words only. Therefore, certain sequences are 
omitted ; for example, the initial sequence /sple-/ of splendid is missing. 

His corpus is American English in general, and he includes material from different 
dialects. Thus, he lists both /2/ and /a/ for ask, and both /a/ and /3/ for off. 
All this material has been included in the present survey, except distributions which 
apply to “r-less” dialects only, such as the occurrence of />/ before the codas 
/d3, 9, 8, vz, m8/ (George, morgue, forth, wharves, warmth). 

Malone gives a supposedly complete list of all initial and final margins, but he does 
not state explicitly which particular combinations of syllable nuclei and margins occur. 
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He generally confines himself to statements about restrictions on their distribution. 
For the present study, the principle was adopted to include those combinations which 
are not explicitly ruled out. However, it seems likely that Malone’s negative rules do 
not cover all the restrictions on actual occurrence. Thus, before complex codas 
beginning with /r/, except /rd, rz/, only six syllable nuclei are explicitly ruled out, 
viz. /i, I, €, 2, u, 2/ ; to these must be added / 2 /, which Malone writes /sr/ ; but it 
is doubtful that all his other 7 nuclei occur there. Likewise, there seem to be 
no restrictions on the occurrence of /ulC(CC)/, but so far only /uld, ulf, ulft, 
ulfs, ulvz, ulz/ have been documented. Other doubtful cases are particularly the codas 
/pts, pO(s), pst, kts, kst(s), ksO(s), dO(s), dzd, fts, f6(s), mpst, mf, nzd, If@(s), Ist, 
If(t)/: it does not seem probable that they can combine with all the syllable nuclei 
which are not explicitly ruled out by Malone’s negative rules. The same argument 
applies, to a lesser extent, to a number of other codas, such as /b, bd, bz, gd, zd, ndz, 
nO(s), nst, Its, Itf(t), kt, 1d3(d), If, lft, lfs, 16, Im, lmd, Imz, In, Ind, Inz/. 

A few commonly occurring phoneme sequences may be left out by mistake, such as 
the codas /mfs, nd3, nd3d, nd, rm@s/ and the nucleus + coda combinations /on(CC), 
old, #1dz, oulz, Irs/. 

O’Connor and Trim, henceforth abbreviated to “ O’Connor ”, based their study on 
the monosyllabic words of the Received Pronunciation (RP) of Southern England, with 
the exclusion of the following types of words: 

(a) proper names 

(b) learned and scientific terms 

(c) anglicized foreign words 

(d) rare and archaic words 

(e) slang and interjections 

(f) unusual pronunciations. 
The authors point out that the decision as to which particular words should be excluded 
under headings (b) - (f) is necessarily arbitrary. 

In part the particular phoneme sequences which occur are listed ; in part only rules 
are given for which phoneme sequences are permitted. There is no information about 
which particular syllable nuclei occur after each onset ; only their number is given. 
There is no information about the number of nuclei combining with each coda. 

Trnka’s corpus is An English Pronouncing Dictionary by Daniel Jones, and thus 
represents Southern British Received Pronunciation (RP). 

Like Malone, he generally gives the restrictions on the distribution of phonemes, 
rather than stating which combinations actually do occur. However, Trnka’s rules seem 
to cover the material more completely than Malone’s. All combinations which are not 
explicitly ruled out are included in the present study. An exception is made for certain 
consonant combinations, at least 13, which appear to be permitted according to the 
rules, but which are not listed anywhere as actually occurring in combination with 
syllable nuclei, initially, medially, or finally, viz. /tfj, tn, fn, On, Jm, fn, zn, mt, 
mJ, mn, nl, nr, nw/. These are not included in the present survey. 

There are certain restrictions on his corpus which are responsible for the relatively 
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low number of phoneme combinations in certain positions. (a) He takes into account 
monomorphemic words only, and a number of final consonant clusters, especially in /-t, 
-d, -s, -z/, are therefore absent ; these would be common inflectional endings. (b) Since 
his data are the words of a so-called r-less dialect, there are no sequences /-VrC(CCC)/. 
(c) He is concerned with the occurrence of syllable margins before and after stressed 
nuclei only. 

On the other hand, in certain respects the type of his corpus results in a larger 
number of phoneme combinations than other studies. (a) Because his corpus is a 
dictionary, he includes a number of unusual, bookish pronunciations, especially for 
onsets, such as /tm/ in tmesis. (b) He includes morpheme-medial phoneme sequences, 
and the components of some of these may belong to different syllables. He is not 
concerned with determining the point of syllable division in words of more than one 
syllable, and with the occurrence of phonemes relative to the syllable ; he states 
restrictions on the sequential occurrence of phonemes only. 

The present survey includes among initials and finals those of Trnka’s consonants 
and consonant sequences which are initial and final relative to the monomorphemic 
word. In addition, Trnka lists 78 consonant clusters which occur morpheme-medially 
only. It is assumed that there is a syllable boundary somewhere in these sequences, 
and it is possible that if they were split up into syllable-final + syllable-initial sequences, 
a few additional initial and final margins would have to be added to the list. 

On the other hand, as far as the combinations between syllable nuclei and margins 
are concerned, it is not possible to separate in his data word-initial from word-medial 
(CC)CV occurrence, and word-final from word-medial VC(CCC) occurrence. Since in 
non-initial (CC)CV and in non-final VC(CCC) the syllable boundary may well be 
in the middle of the consonant cluster, it is likely that there are fewer combinations 
than those listed when we consider position initially and finally in the syllable only. 
Thus, he lists /Vr/ and /3V/ combinations. /Vr/ does not occur utterance-finally in 
this dialect, and /3V/ is at least rare utterance-initially. 

Wallace’s corpus is 10,000 words of running conversation in a Mid-Western university 
community, tape-recorded, transcribed phonemically, and divided into syllables 
according to explicit rules. 

There is some ambiguity as to the meaning of “initial” and “ final” clusters, 
whether they comprise only word-initial and word-final clusters or whether they also 
include close-knit consonant combinations resulting from syllable division in word- 
medial consonant sequences. It is assumed that the latter is the case. 

Wallace discusses only consonant clusters, not single consonants, and there is no 
information about combinations between syllable nuclei and margins. 

Whorf sets up a “ structural formula of the monosyllabic word in English (standard 
Mid-Western American)”. The present survey lists all the onsets and codas which are 
possible according to his formula. 

Some well-established syllable margins are not accounted for by this formula, viz. 
the onsets /spj, skj/ and the codas /pts, kts, ksts, fts, nt, nts, nk, nkt, nks, It, Its, 
Ik, Ikt, Iks, 1f6, If@s, lv, lvd, lvz, rnt/. 
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On the other hand, his formula seems to allow for far more codas than actually occur 
in English. This is mainly due to two facts: (1) /r/ is permitted before any otherwise 
occurring coda, without any restrictions ; (2) /t/ or /d/, /s/ or /z/, and /st/ or /zd/ 
are permitted after any otherwise occurring coda, the distribution of the two members 
of each pair being conditioned by the voicelessness/voicing of the preceding consonant. 
It appears to be in conflict with the structure of English that /r/ should be found 
before /3, p/ at all, and combinations like /rsp, rsk, rntf, rnd3, rip, ritf, rlb, rif, 
rl@, rls, rlm/ are also unlikely. As far as /t/ or /d/, /s/ or /z/, and /st/ or /zd/ 
are concerned, though these may be inflectional endings, it does not seem possible to 
add them to all the codas permitted by the formula ; /zd/ probably never occurs at all 
as such an ending and the 2nd person singular verbal suffix /st/ (“ thou triumphst ”) 
can hardly be considered an active suffix any more. 

Whorf’s formula is a model for generating monosyllabic words in English, whether 
they exist in the present vocabulary or not. For example, a new trade name might be 
coined on the basis of permitted sequences. However, some of the combinations which 
result from the formula appear to be in conflict with the phonological structure of 
English. A few were mentioned in the preceding paragraph. In addition, the codas 
[(x)sd(CC), (r)sg(CC), (r)mg(CC), ()np(CC), (r\ng(CC), (#lg(CC)/, which result 
from Whorf’s “term 12”, hardly occur in English, and /s/ or /z/, /st/ or /zd/ of 
term 14 cannot occur after /J, 3/. 

Of the 388 codas which are possible according to Whorf’s formula, 214 are not 
mentioned by other analysts, and no examples can be found for them. Included among 
the 214 items are codas which do occur in idiolects where the 2nd person singular 
present verbal ending /-st/ is used, e.g. /rkst/ as in barkst.' 

2.2. Phonemic Normalization 

The data were normalized in phonemic interpretation and content. For the purpose 
of the present study, the English phonological system is considered to consist of the 
following segmental units. 

There are 22 consonant phonemes, /p, t, k, b, d, g, f, 0, s, J, v, 5, z, 3, m, n, D, 
1, r, h, j, w/. [tf] and [d3], as in chip and fim, are considered sequences of phonemes, 
/tS/ and /d3/, and [hw] or [ « ], as in white, is interpreted as /hw/. 

There are 15 syllable nuclei, /i, 1, ©, 2, a, 9, U, U, 9, 2, el, al, aU, 21, ou/, as in beat, 
bit, bet, bat, bomb, bought, bush, boot, but, Bert, bait, bite, bout, boy, boat. It is 
irrelevant for the purposes of this study whether some of these nuclei should be con- 
sidered phonemically complex. If, for example, beat, boot, bait, bite, bout are 
interpreted as /bijt, buwt, bejt, bajt, bawt/ respectively (and bit, bet, pot, put are 
considered /bit, bet, pat, put/) /j/ and /w/ are part of the syllable nucleus, and do 
not belong to the syllable margin (coda). There will therefore be no final margins 
*/\(CCC), w(CCC)/. The set of symbols which were chosen for the syllable nuclei 
should not be interpreted as suggesting any specific phonemic analysis. They are 
merely the most commonly accepted phonetic symbols for these units, in accordance 
with the rules of the International Phonetic Association. 

1 For a list of these 214 codas, see Appendix A III in SRL Report No. 5. 
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The dialect which forms the basis of this study is the relatively uniform type of 
English commonly called General American (GA). This dialect may be an abstraction, 
but such an abstraction is useful and necessary for anyone engaged in learning to speak 
English. A speech synthesizer has to be taught a similar “ standard ” dialect. 

Data taken from other dialects were to some extent translated into GA. For example, 
the syllable nuclei [3] and [2] of bird and father, as they occur in the Received Pro- 
nunciation (RP) of Southern England, were replaced by / a/ ; [3] (and [9] in some of 
its occurrences) and [ #] are manifestations of phonemes occupying similar positions 
in different dialect systems ; they do not contrast in any one dialect, RP or GA. Also, 
[a] was substituted for RP and New England [np] of pot, though there is a contrast 
between [a] of part and [p] of pot in such dialects, since this opposition is paralleled 
by the contrast [ar] vs. [a] in GA; /a/ thus occurs in bomb /bam/, balm /bam/, 
father /fadx/, farther /fard2/. 

However, in all other cases, data from different dialects were used whenever it is 
a question of a difference in the distribution of well established phonemes. Thus, the 
sequences /ir/ and /1r/ ; /er/, /er/, and /etr/ ; /or/ and /our/ ; /ur/ and /ur/ were 
all included in the overall data, since they are listed by one or more of the sources for 
the present study ; however, they are not in contrast in one common variant of GA. 
Also, both /ag/ and /5g/, as well as /an/ and />n/ are included, since Kenyon and 
Knott list both possibilities for words like dog, long. Likewise, both /z/ and /a/ are 
noted for such words as half, path, grass, dance, and both /tju-/, /sju-/ and /tu-/, 
/su-/ are listed for tune, suit, etc. 

It should be noted that only those dialects are considered which are represented in 
Kenyon and Knott’s and in Jones’ pronouncing dictionaries. There are doubtless other 
English dialects which cannot be accommodated within a 15-nucleus system, and where 
additional combinations between syllable nuclei and margins occur. Thus, Hill (1958) 
lists the initial combinations /kja-/ and /gja -/ for words like car, girl in Tidewater 
Virginia.” Such combinations are not included in the present survey. 

In one respect important material from the above mentioned pronouncing dictionaries 
is omitted, viz. the lack of /r/ before consonants and junctures in the so-called r-less 
dialects ; no “ centring diphthongs ” are taken into account, for example, in clear, chair, 
pour, poor, and the codas in words like far, court, large are considered to start with 
/t/. However, only few additional nucleus + margin combinations would have to be 
added to take care of the r-less dialects. A cursory examination of the data yielded only 
five, /2d3, 9d3d, 2md, omO, >m@s/, as in forge, forged, formed, warmth, warmths. On 
the other hand, for r-less dialects one could cut down the number of codas and of 
nucleus + margin combinations drastically, since there are no /rC(CC)/ sequences. 

This apparent juggling with the data was necessary, in an attempt to make this 
study as general as possible, while ensuring that the data from various sources could 
easily be compared. 

In the “ suggested minimum” (2.32) not all the variants mentioned above are 
* Re-interpreted according to the present phonemic analysis ; Hill’s transcription is /kyahr/, 
/gyohrl/. 
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included. Only one dialect is taken into consideration, viz. a type of GA with a 
relatively simple phonemic system. This dialect has the 15 syllable nuclei and the 22 
consonants listed above, and the following distributional characteristics should be noted. 

Half, bath, grass, dance, etc., have the nucleus /z/. 

Can, auxiliary verb and noun, both have the nucleus /2/ and are homonyms. 

/a/ is the nucleus of balm as well as of bomb, the two words being homonyms. 

Dog, long, etc., have the nucleus />/. 

There is no contrast between [Sr] and [our] ; the phonetic sequence which occurs 

can be interpreted as either /or/ or /our/ ; arbitrarily, the transcription /or/ was 

chosen. 

The same argument applies to [ir] vs. [Ir], [er] vs. [er] vs. [err], [ur] vs. 

[ur]. The transcriptions /Ir, er, ur/ were chosen. 

There are no onsets */tj, dj, 9), stj, sj, zj, nj,, lj/. 

/r/ occurs before consonants and junctures, as well as before vowels. 

Data from the various sources were normalized phonemically as follows. 

Dewey : The two syllable nuclei in above (Dewey: [obuv]) are considered manifesta- 
tions of the same phoneme, /o/. His [ur] and [or], as in turn and utter, are both 
interpreted as /a /. Dewey considers the vowels of words like alms, part, ma, on the 
one hand, and of words such as odd, not, on the other, different phonemes. They are 
both interpreted as /a/ in the present survey. Dewey’s diphthong [iu], as in few, is 
interpreted as /j/ + /u/. 

Malone : Malone distinguishes between /a/, as in /arm/ arm, /ask/ ask, and /v/, 
as in /pn/ on. Both are here considered instances of /a/. [21] is not considered a 
diphthong by Malone, and there are no data available on its combinatory possibilities. 
Thus, only 14 syllable nuclei are taken into consideration for his material. Malone’s 
/3r/ is interpreted as /2/. It is possible that his codas /r@t, rsts, rdz, rzd, rldz/ occur 
only after his /3/, in words like berthed, firsts, berths (one pronunciation), furzed, 
worlds, and that they therefore do not occur at all according to the present analysis. 


O’Connor : O’Connor and Trim’s material cannot be normalized to the same extent. 
The authors postulate 24 consonant phonemes, considering /t{/ and /d3/ unit 
phonemes. They have 21 syllable nuclei, viz., in addition to the 15 nuclei listed above, 
the centring diphthongs /19, e9, 92, uo/, /p/ contrasting with /a/, and unstressed /2/ 
as separate from stressed /a/. One can therefore expect more combinations of nuclei 
and margins than for the type of GA which serves as basis for this study. 

Trnka : Both his /a:/ as in /fa:/ far, and /v/, as in /stop/ stop, are replaced by 
/a/, and his /3/ of /b3d/ bird is rendered by / #/. His nuclei /19, £9, uo, als, au2/, 
as in /hto/ here, /3e/ there, /pue/ poor, /fata/ fire, /pauo/ power, are disregarded. 
No data are available on the combinatory possibilities of [>1], since Trnka considers 
this a sequence of the vowel />/ and the consonant /j/, and only 14 syllable nuclei are 
therefore considered for his material. None of the /j(CC)/ combinations which he lists 
are included in the present survey: they are all instances of /21(CC)/ and /u1(CC)/ or 
/ut(CC)/, which Trnka interprets as /2j(CC)/ and /uj(CC)/, as in hoist, ruin. 
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Wallace : Her single phonemes /é, j/ are interpreted as clusters, /t{/ and /d3/, 
and her /arC(C)/ is analyzed as /#C(C)/. 

Whorf : Whorf interprets /t{, d3/ as single phonemes ; they are analyzed as clusters 
in this study. /y, w/, which, according to his formula, may occur immediately after the 
vowel, are in the present interpretation part of the syllable nucleus, as in buy, how. 
His formula is re-interpreted accordingly. 


2.3. Overall Data 

2.31. Maximum. Data taken from various sources were added up in a “ maximum ” 
figure, giving the totality of phoneme combinations occurring in some type of the GA 
and RP dialects of English, restricted by the phonemic normalizations of 2.2. 

A few additional restrictions were imposed in setting up the maximum list of 
phoneme combinations. Insufficient data are available on word-medial phoneme 
sequences, and the maximum list was therefore restricted to sequences initially and 
finally in the word. No phoneme sequence was included for which no example could 
be found. Thus, a number of word-final consonant combinations inferred from Whorf’s 
formula, and some of the nucleus + margin combinations which are possible according 
to Malone’s distributional statements, are excluded. Omitted are also certain sequences 
listed by Trnka which, it is suspected, occur word-medially only (see 2.1). 

On the other hand, the maximum includes phoneme sequences which occur but 
rarely in GA and RP, such as some of the onsets quoted by Trnka. 

This writer has not herself systematically excerpted any dictionary or any long 
corpus of running text ; it is likely that further research will increase the total inventory 
of phoneme sequences, but it does not seem probable that the figures will be radically 
different. 

2.32. Suggested Minimum. In the maximum list of phoneme sequences, the 
frequency or probability of occurrence is disregarded. It is obvious, however, that they 
are not all of equal importance in the structure of English. This is clearly brought out 
by the fact that relatively few combinations are listed by Dewey, French, and Wallace, 
whose studies are based on limited corpora or on frequency of occurrence. One could 
generate perfectly intelligible English sentences from a model which would take into 
account far fewer permissible phoneme sequences. Thus, a device for speech synthesis 
using segments of some type as building blocks would not need an inventory of the 
size suggested by the maximum figures. We could reduce the figures considerably in 
the following ways. 

(a) One need not take more than one dialect into account. Thus, since a common 
type of GA, e.g. in the Mid-West, has no initial sequences /tj, dj, 8j, stj, sj, zj, nj, 
1j/, they may be excluded from our lists. Since the same dialect does not distinguish 
between [ir] and [ir] ; [er], [er], and [etr] ; [>r] and [our] ; [ur] and [ur], followed 
by one or more consonants or by juncture, only one sequence of each set need be 
included in the inventory. 

(b) Uncommon proper names, especially foreign names, rare words, and unusual 
pronunciations could be disregarded and omitted from our corpus. This is what 
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O’Connor and Trim have done in setting up the two-member initial and final phoneme 
sequences in English (2.3). One could go even further in restricting the vocabulary, 
and retain only those sequences which are necessary to account for the more common 
words such as we find them in word frequency lists. 

A word of caution might be added about the adequacy of the sample size in frequency 
studies. Wang and Crawford (1960), in their evaluation of “ Frequency studies of 
English consonants ”, found close agreement among such studies as those excerpted 
here for single consonant phonemes. A sample size of a few thousand units was 
sufficient to indicate first-order probabilities. For the probabilities of longer sequences, 
as they are involved here, a much larger sample would be needed. It is significant that, 
as far as consonant clusters are concerned, there is far from agreement among studies 
which are based on frequency counts or on a limited corpus (Dewey I, French, 
Wallace): their lists of syllable margins differ markedly, not only in the number of 
margins, but also in the particular items which are included.’ 

(c) In normal conversational style a great number of assimilations, elisions, and 
other types of simplifications take place, such as we see listed in phonetic text books, 
and as they are listed by Wallace. Thus, instead of /-p@s/ and /-ksts/, /-ps/ and /-ks/ 
are frequently used in depths and texts. We could take account of this fact in setting 
up our segment inventory and use such simplified sequences wherever possible. 

This survey suggests a minimum number of sequences required for English. The 
minimum comprises the particular sequences which (1) are observed to occur in a 
common type of GA, (2) are needed in order to make oneself well understood in 
English, and (3) would be required in an inventory of segments for speech synthesis. 
The figures are conservative estimates. It is likely that more phoneme sequences could 
be excluded, giving an even lower minimum. 

2.33. Prosodies. In computing the number of segments required for each type of 
synthesis, it is necessary to take into account varying conditions of prosody. 

There is a complex relationship among the various prosodic features of English. 
Three types of prosodies are generally isolated, viz. length, stress, and intonation. 
Experimental research suggests (1) that it is difficult to define each of these prosodies 
in terms of physical or physiological parameters, and (2) that there is a high degree of 
interdependence between them. Some of the differences in the phonemic analysis of 
English prosodies may be due to this interdependence ; different linguists divide the 
complex of prosodic features in various ways (Sivertsen, 1960). 

2.331. Perception of length in speech sounds probably has a high correlation with 
physical duration. It is assumed that duration is not an independent variable in 
English, and that length differences may be predicted in terms of the segmental phones, 
stress, and intonation. 

2.332. As many as four contrastive stresses have been postulated for English 
(Gleason, 1955 ; Trager and Smith, 1951). There is some doubt whether one has to 
postulate so many stresses in order to account for the data (Sivertsen, 1960). Some of 
the stress differences seem to be associated with intonational differences. There is 
3 See Appendix A of SRL Report No. 5. 
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no general agreement among linguists and phoneticians how to define stress. As far 
as acoustical parameters are concerned, stress seems to have some correlation with 
duration, intensity, and fundamental frequency, possibly also with other factors. 
Recent work on English prosodies, e.g. by Bolinger (1958) and Fry (1958), suggests 
that fundamental frequency may be more important than duration and intensity, not 
only for the recognition of the intended intonation pattern, but also for stress 
perception. Peterson (1958) reported a case where a girl was able to speak with 
apparently normal “ stress patterns” in an iron lung, which did not permit her to 
control respiratory effort. 

It seems likely that for speech synthesis it is necessary to simplify the prosodic 
system. As a working hypothesis it is therefore proposed that pitch differences only 
be incorporated in the segment inventory. It may be noted that Liberman et al. (1959) 
have adopted a different kind of simplification for their synthesizer: only stress 
contrasts are included, while intonational differences are disregarded. Only synthesis 
of extensive material and listening tests could decide whether the omission of stress, 
or of intonation, from the phonological system of the synthesizer language would 
result in any serious loss of intelligibility. 

The present survey thus takes no account of stress differences other than those 
subsumed in the intonation system. The alternative might be to double the inventory 
of phoneme sequences, at least all those which contain syllable nuclei, allowing for 
one stressed and one unstressed variant of each segment. 

2.333. It seems necessary to take account of pitch differences in speech synthesis, 
not only because it seems to be an important part of “ stress” contrasts. Monotone 
speech, especially if it is synthesized speech, does not only sound unnatural, but is 
also less intelligible than speech with normal intonation. The poorer intelligibility 
might not appear in articulation scores on lists of monosyllables, but it would show 
up in whole utterances and connected discourse. This is so because the relationships 
between the various parts of the utterance, the attitude of the speaker to what he is 
saying and to his interlocutor, and various kinds of “ unsaid” things are conveyed by 
means of intonation. The meaning conveyed by the intonation is not an unimportant 
addition to the meaning of the utterance, but an essential, integral part of that meaning. 

The intonation of American English has been analyzed as a number of patterns 
consisting of combinations of four pitch levels (Pike, 1945), and, more recently, three 
terminal contours or junctures (Gleason, 1955 ; Hockett, 1955 and 1958 ; Trager and 
Smith, 1951). This type of analysis is accepted for the purposes of the present study. 

The number of intonation patterns is large. Pike lists, for the intonation “ centre ” 
or “nucleus”, four level contours, six falling contours, six rising contours, nine 
falling-rising contours, and one rising-falling contour, i.e. a total of 26 contours, and 
each of these can be combined with various pitch levels in the remaining part of the 
intonation pattern. 

All of these intonation patterns are probably not equally important. It is likely 
that one can be understood even if one uses only a limited number of them. Thus, the 
English Language Institute of the University of Michigan, in its intensive courses for 
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foreign students, uses three pitch levels and four pitch glides only, and no attention 
is paid to the “ terminal contours ” as distinct from combinations of pitch levels. The 
pitch levels are 1, 2, and 3, numbered from the lowest pitch, and the gliding contours 
are 3-1, 3-2, 2-3, and 3-1-2. 

It does not seem likely, at the present stage, that one could cover in speech 
synthesis the whole range of intonational contrasts in English. In so far as intonation 
is to be simulated at all, it seems better to base the synthesis on a simplified intonation 
model, and the particular system adopted by the English Language Institute might 
serve as this model. 

There are great problems in applying even a simplified intonation model to speech 
synthesis, however. 

First, the pitch levels which are postulated do not represent absolute pitch values. 
They are relative values only, and syllables which are analyzed as having the same 
phonemic pitch level may in fact have widely different absolute pitch values. There is, 
in fact, extensive overlapping between the phonemic pitch levels even in the speech 
of a single speaker speaking on one occasion to one audience in one style. 

Second, instrumental analysis shows that actual speech is not a succession of pitch 
levels, but seems to be continuously changing in pitch. The postulated pitch levels are 
abstractions from this continuum. 

The latter difficulty could probably be taken care of when the segments to be used 
are from recorded natural utterances, since these must be assumed to include the pitch 
dynamics. If the segments are to be produced electronically, the pitch fluctuations 
will have to be simulated, after a careful study of actual speech. In either case, one 
would have to match the pitch carefully where two segments abut. This is done more 
easily electronically than with segments from recorded natural utterances, since one 
would need utterances where one cut yields both the best formant match and the best 
fundamental frequency match. 

It does not seem possible to simulate, in synthesis based on segments, the great 
variety of actual pitch values. One will probably have to accept medium or standard 
pitch values for each phonemic pitch level. This does not mean that all segments in 
our inventory which have the same phonemic pitch level will necessarily have the same 
fundamental frequency, however. The data presented by Peterson and Barney (1952) 
show that certain (especially high) vowels will naturally have a higher fundamental 
frequency than other (low) vowels. Consonants may also have different frequencies. 
For one study of speech synthesis from phoneme dyads, taken from recorded natural 
utterances, at the Speech Research Laboratory of the University of Michigan, the 
following frequency values were chosen for a particular male speaker. 

Pitch level /1/: the syllable nuclei vary from 101 to 115 cps., each having its own 

specific value ; the consonants have a value of 115 cps. 

Pitch level /2/: nuclei 124-141 cps.; consonants 132 cps. 

Pitch level /3/: nuclei 168-190 cps.; consonants 168 cps. 

Even with these adjustments one can probably not avoid a certain sing-song effect 
when standardized pitch values are used. Whether this will affect intelligibility remains 
to be seen. 
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3. SYLLABLE NUCLEI AND MARGINS 


3.0. When one applies the immediate constituent analysis to the syllable, it is found 
to consist not of a string of phonemes, but of a sequence of higher-layered units. The 
immediate constituents of the syllable are the nucleus (N) and the margin (M). In 
English every syllable has a nucleus, and in addition the syllable may contain an 
initial margin, called an onset when it follows a juncture, and/or a final margin, called 
a coda when it precedes a juncture. Nucleus and margins may be simple or complex 
(Hockett, 1955 and 1958). 

It seems reasonable to assume that these immediate constituents of a syllable could 
be used as basic units for speech synthesis. A segment inventory for such a synthesizer 
would include all the common syllable nuclei and margins occurring in that particular 
language. 

For a common type of GA one would need 15 nuclei, /i, 1, ©, 2, a, 3, u, u, 2, 
2, el, al, au, 21, ou/. The number of syllable margins is much larger, and will be 
considered in the following pages. 


3.1. Initial and Final Margins 
Table 2 is a survey of the number of syllable margins found in each of the publica- 
tions consulted. The maximum (2.31) and suggested minimum (2.32) are also given. 





TABLE 2 
INITIAL FINAL 
Dewey I 65 88 
Dewey II 71 182 
French 40 49 
Malone 75 186 
O’Connor 71 140 
Trnka 85 66 
Wallace 55 94 
Whorf 65 388 
Maximum 118 238 
Suggested minimum 66 168 


Number of syllable margins in English, according to various sources. 


The margins listed are either initial or final in the syllable. Some margins occur 
both in initial and final position. Consonant sequences which occur only utterance- 
medially between syllable nuclei are not included. “Initial margin” and “ final 
margin” are not synonymous with “onset” and “coda”. An onset is a syllable- 
beginning occurring after juncture, and a coda is a syllable-ending occurring before 
juncture. Since both Dewey and Wallace include syllable-beginnings and -endings 
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which are found word-medially, it is likely that some of their consonant combinations 
are part of interludes (Hockett, 1955 and 1958), i.e. of intervocalic consonant sequences 
not interrupted by juncture, and therefore by definition not onsets or codas. 

In an evaluation of the figures of Table 2, the following points should be kept in 
mind. 

Dewey I: Dewey’s figures are 51 and 96. For the initials, I have added zero onset 
and /pj, tj, kj, bj, dj, gj, fj, sj, vj, mj, nj, lj, hj/, all of which occur, but which he 
interprets as C + the first half of a diphthong [iu]. For the finals, I have added zero 
coda, and deducted /rtJ, rks, rv, rmz, rnd, rl, rld, rldz, rlz/ ; these are examples of 
a C(CC) only. 

Dewey II: Dewey’s figures are 57 and 181. I have added the same 14 onsets as for 
Dewey I. His data do not enable us to decide whether there were more /(C)Cj/ onsets, 
such as /6j, stj, skj, zj/. For the finals, I have added zero coda. 

O’Connor: The figure for the finals has been computed from his rules on pp. 118-9, 
which give 1 zero final, 20 C, 62 CC, 50 CCC, and 7CCCC. On p. 114 only 59 final CC 
combinations are mentioned, and these presumably include the last part of (C)CCC 
finals. It is difficult to explain this inconsistency. 

Wallace: Wallace’s figures are 32 and 37, but apply to consonant clusters only, 
exluding /tf, d3/. It is assumed that the following margins also occur in her data: 
zero onset ; 20 simple onsets, /p, t, k, b, d, g, f, 8, s, J, v, 5, z, m, n, 1, r, h, j, w/ ; the 
complex onsets /tf, d3/ ; zero coda ; 18 simple codas, /p, t, k, b, d, g, f, 8s, J, v, 
6, z, m, n, 9, 1, r/ ; the complex codas /tf, d3/. This gives a total of 55 onsets and 
94 codas. It is possible that some of the /rC(CC)/ finals, such as /rtf, rg, rnt, rnd, rl, 
rlz/, should have been deducted, since it is possible that in her limited corpus they 
would be examples of [ # C(CC)] only (cf. 2.2). 

Whorf: the coda figure is probably too high: it includes 214 codas which are not 
mentioned by other writers (cf. 2.1).* 

Since Dewey I and French are based on frequency counts, and include only the 
most frequently occurring margins, their figures could be expected to be relatively low. 
This applies particularly to French, where the figures obtain for position initially and 
finally in the word only, not in the syllable. Wallace’s figures might be expected 
to be lower than Malone’s, O’Connor’s, Trnka’s and Whorf’s, since her corpus is more 
limited than theirs. The small number of syllable-finals found in Trnka’s material is 
explainable from the fact that only monomorphemic words are included in his survey, so 
that the clusters resulting from the addition of inflectional endings, especially /-t, -d, -s, 
-z/, are excluded. Also, this is an “ r-less” dialect, with no /r(CCC)/ finals. 

In the “ maximum ” figures are included all the margins of which examples are found 
initially and finally in words. Excluded are some finals mentioned by Malone which, it 
is suspected, do not occur when [2] is interpreted as /2/ and not as /or/ (2.1, 2.2). 
Excluded are also 214 codas which seem possible according to Whorf’s formula, but 
which are listed by no other writer (2.1). On the other hand, the maximum includes 
margins which do not occur in the types of English with which the present writer is 
* These 214 codas are listed in Appendix A III of SRL Report No. 5. 
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familiar, and which probably are exceedingly rare, such as the initials /ps, psj, pJ, 
tm, kn, bd, gn, zd, mw/ in words like psyche, pseudonym, pshaw, tmesis, knout, 
bdellium, gnosis, ’sdeath, moiré, all quoted by Trnka, or the initials /pt, pf, zl, zw/ 
as in pterosaur, pfennig, zloty, zouave, which we find in Jones’ pronouncing dictionary, 
or other initials mentioned by various writers, such as /pw, bw, f0, sfr, s0, snj, Jn, 
zbl, mn, nw/ as in pueblo, bueno, phthisis, sphragistic, sthenia, Snewin, schnapps, 
*sblood, mnemonic, noire. Other initials occur in foreign names only, and are likely 
to be pronounced only by speakers with some knowledge of the language in question, 
such as the initials /dv, dn, vl, vr, p, pg/ in names like Dvorak, Dnieper, Vladivostock, 
Vryburg, Ngami, all found in Jones’ dictionary. Similar arguments apply to some of 
the final margins. It is probable that additional rare syllable margins may be found 
by a study of foreign names and of the vocabulary of specialist scholars. Thus, Truby 


(1959) suggests—and rejects—the initials /pnj/ and /gd/ for pneumatic and Gdymia, , 


respectively. 

The “ suggested minimum ” is the number of syllable margins considered necessary 
for the type of GA described in 2.2. It will account for the word-initial and word-final 
syllable margins found in the whole English vocabulary, with the exception of foreign 
names like those quoted above. To obtain this figure the “ maximum” number was 
reduced in the following ways. 

(a) Syllable margins which do not occur in the type of GA under consideration, 
such as the initials /tj, dj, 8j, stj, sj, zj, nj, 1j/, are excluded. 

(b) Certain margins which occur exclusively in extremely rare words that are used 
only by a small minority of English speakers, if they ever do occur, are also disregarded. 
Examples are the initials /pf, pf, snj, zd/ in words like pshaw, pfennig, Snewin, ’sdeath. 
It is likely that most of these clusters will be replaced by other and more common 
margins with many speakers. 

(c) Unusual margins are replaced by more common sequences which generally take 
their place, e.g. /ps/ > /s/ in psyche, /mn/ > /n/ in mnemonic, /pw/ > /pu/ 
or /pu/ in pueblo. 

(d) Certain complex margins are replaced by other margins which frequently take 
their place, when the functional load of the contrast between them seems to be very 
low. Often the two clusters cannot be seen to contrast at all, but merely to be freely 
varying in all the morphemes in which they occur. Examples are: 


/-d0/ > /-+t0/ as in width 
/-f8s/ > /-fs/ as in fifths 
/-mpf/ > /-mf/ as in nymph 
/-mt/ > /-mpt/ as in tempt 
/-n3/ > /-nd3/ as in plunge 
/-nt/ > /-nkt/ as in linked 
/-rmp8/ > /-rm0/ as in warmth 


When there is a choice between two such clusters, it may be appropriate for other 
idiolects or dialects to choose the one which has been omitted here. For example, 
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/-ntf/ is chosen here for lunch, but /-nJ/ may be a better choice in other dialects ; 
both are not necessary in any one dialect. 

These simplifications should not result in any loss of intelligibility, even in isolated 
monosyllabic utterances. It is likely that one could reduce the figures even more without 
any loss of information, especially in running texts where the context will contribute 
to an understanding of the utterance. A comparison between the suggested minimum, 
on the one hand, and the figures based on word frequency counts (Dewey I and French) 
or on everyday conversational material (Wallace), on the other, in Table 2, suggests 
that further reductions could be achieved by limiting the vocabulary of the synthesizer 
to more common words. 

A complete list of all the syllable margins included in the “ maximum ” of Table 2, 
and their adoption, or reasons for their rejection, in the “ suggested minimum ” are 
given in the Appendix to this paper.* 


3.2. Medial Margins 

The figures quoted from French, Malone, O’Connor, Trnka, and Whorf apply to 
position initially and finally in the word only. There may be syllable-initials and 
syllable-finals which are found word-medially only. Dewey and Wallace include such 
intervocalic consonant sequences in their figures, but their corpus is limited and does 
not include all possibilities. Wallace does not seem to have found any utterance- 
medial consonant sequence which could not be divided into utterance-final and 
utterance-initial margins, though the case is not too clearly stated. In Dewey’s material 
it is not possible to separate those syllable-initials and syllable-finals which occur in 
word-medial position from those which occur initially and finally in the word. 

Trnka gives a list of all those consonant sequences which occur medially in the 
monomorphemic words listed in Jones’ dictionary. There are 170 such sequences (plus, 
presumably, 22 single consonants), 78 of which occur neither initially nor finally. 
These sequences are intervocalic, consisting, it is assumed, of a syllable-final plus a 
syllable-initial consonant or consonant cluster. Since there is no indication of the 
point of syllable division, we do not know whether the data yield additional syllable- 
initials and syllable-finals. 

The question should be asked whether our list of syllable-initials and syllable-finals 
will be able to account for intervocalic consonant sequences which must be considered 
interludes. Wallace discusses some of the problems involved in syllable division, and 
concludes that some sequences are ambiguous. The problem is also discussed by Hill 
(1958, pp. 84-8). It appears that there may be actual contrast between interludes and 
consonant sequences interrupted by juncture (Hockett, 1958, pp. 55-9 ; Lehiste, 1959 ; 
Sivertsen, 1960, pp. 21-3). However, in a list of those initials and finals which are 
necessary to produce reasonably intelligible speech, a list such as we might need in 
speech synthesis, we need not take these contrasts into account, since their functional 
5 Appendix A of SRL Report No. 5 also lists the occurrence or non-occurrence of the syllable 


margins in the various sources, and includes those margins which are not contained in the 
maximum. 
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load seems to be low. Thus, it is doubtful that pairs like white shoes and why choose, 
or triplets like nitrate, night rate, and Nye trait are usually distinguished in normal 
conversational style as distinct from pronunciation under laboratory conditions. 

Likewise, though additional consonant sequences may be found in running con- 
versational style, where assimilations are common and words are fused together, as in 
{(‘dountfu] don’t you, [‘hepm] happen, [‘doump bo’liv] don’t believe, [‘kubm ‘fatn] 
couldn’t find, such a style is not essential: there is not likely to be any loss in 
intelligibility if assimilations are avoided and the words are pronounced as separate 
units, with juncture between, even though such a style may sound slow, pedantic, and 
over-careful. 


3.3. Segment Inventory 

A segment inventory for speech synthesis based on syllable nuclei and margins 
would thus consist of the following segments: 15 syllable nuclei, 66 onsets, and 168 
codas. The lists of onsets and codas share 23 items, /p, t, tf, k, b, d, d3, g, f, 8, s, 
sp, st, sk, J, v, 5, z, m, n, 1, r/ and zero. If one assumes that the same segments could 
be used as onsets and codas—which is by no means obvious, since consonants in 
initial and final position seem to have different characteristics (Lehiste, 1959)—one 
could reduce the total number of segments by 23. The margin zero would be the 
equivalent of certain types of phonemic juncture. One would be left with 15 nuclei 
and 211 margins, i.e., a total of 226 segments. 

One would have to multiply this number by the number of prosodic conditions 
required for each segment. If one assumes that 3 pitch levels and 4 pitch glides will 
be adequate to account for the essential intonation contrasts in GA, and that no stress 
or length differences will be needed (cf. 2.33), the total number of segments could be 
computed as follows: 

Voiceless phonemes and phoneme sequences need be represented by one segment 
only, irrespective of the pitch pattern involved. For all voiced phonemes or phoneme 
sequences we need at least 3 segments to account for the three pitch levels. For gliding 
contours, there is a complicating fact. In English, the distribution of pitch levels and 
glides is generally stated with reference to the syllable rather than to vowels and 
consonants, or to nuclei and margins. That is, the domain of a pitch glide is the whole 
syllable. It is reasonable to assume, however, that the main portion of the glide occurs 
on the nucleus of the syllable. Spectrograms show that the beginning and end of the 
glide may be distributed over the preceding and following margin, but the untested 
hypothesis is suggested that this may be an incidental phonetic feature of the utterance 
which is not essential for intelligibility. Thus, in the segment inventory for speech 
synthesis one could disregard pitch glides for syllable margins, and, for example, 
dreams with the intonation contour 3-1 might be synthesized in the following way: 
‘dr + ‘i + ‘mz. The total number of segments would then be: 


Margins involving only voiceless phonetic units 4x1l= 4 
Margins involving at least one voiced phonetic unit 167 x 3 = 501 
Nuclei 15 x 7 = 10 
Total = 650 
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Among the voiceless margins above are included the onsets /tr, hj, hw/, which are 
commonly phonetically voiceless. It is possible that some or all of the onsets /pl, pr, 
pj, tw, ki, kr, kj, kw, fl, fr, fj, Or, Ow, spl, spr, spj, str, skr, skj, skw/ are also, at 
least with some speakers, for practical purposes completely voiceless, so that they 
could be included among the phoneme sequences which need only one prosodic 
condition. This would result in a reduction of 40 in the total segment inventory. 

On the other hand, if the same segments cannot serve as onsets and codas, the 23 
items omitted from our list would have to be added again and multiplied by the 
appropriate number of prosodic conditions. The total number of segments would 
then be: 


Voiceless margins 56 x l= 56 
Voiced margins 178 x 3 = 534 
Nuclei 1S x 7 = 105 
Total = 695 


It is likely that speech synthesized from segments consisting of syllable nuclei 
and margins would be more intelligible than synthesis from single phonemes or 
allophones (vowels and consonants), since the dynamics within the complex nucleus 
and the complex margin would be subsumed. However, one would still be faced 
with the problem how to make the transitions MN, as in [tral] try, NM, as in [arm], 
arm, and MM in interludes, as in [-kstr-] extra, intelligible and natural. One could 
build smoothing circuits into the synthesizer ; whether this would make the synthesized 
speech intelligible remains to be seen. For the transitions NN, as in [aI ou] I owe, 
and MM across word boundary or potential juncture, as in [-tf s-] speech synthesis or 
[-ktr-] electronic, the abrupt change would probably do less harm. It would be heard 
as a juncture, and this effect could be reinforced by inserting a short segment of 
silence. 


4. HALF-SYLLABLES 


One could conceivably synthesize speech from segments of half-syllable length. 
In order to establish the set of segments required, it is mecessary to study the par- 
ticular sequences of syllable nuclei (N) and margins (M) which occur in English. 


4.1. Initial MN and Final NM Sequences 

Table 3 is a survey of the number of initial MN and final NM combinations found 
in each of the publications consulted. Wallace and Whorf have no data on this point. 

“ Initial ” and “ final ” are used in the same sense as in section 3. In principle, the 
sequences are initial and final relative to the syllable. Only in Trnka’s data may the 
whole or part of the margin belong to another syllable. 

The following points are of importance for an evaluation of the figures. 

The figure quoted for O’Connor and Trim’s study is a hypothetical one, and not 
directly deducible from their data. For initial MN combinations they specify how 
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TABLE 3 
INITIAL MN FINAL NM 

Dewey I 397 375 
French 242 191 
Malone 675 1443 
O’Connor 892 

Trnka 692 477 
Maximum 851 1241 
Suggested minimum 713 938 


Number of combinations of syllable nuclei (N) and margins (M) in English in relation to the 
syllable, according to various sources. 


many syllable nuclei combine with zero onset (19) and with complex onsets (411), but 
there is no similar information for simple onsets. If one assumes that all of their 21 
nuclei can occur with each of the 20 simple onsets /p, t, k, b, d, g, f, 8, s, J, v, 5, 
z, m, n, 1, r, h, j, w/ and with /tf, d3/, giving 462 additional MN combinations, there 
will be a total of 892. The figure is probably somewhat too high, since it is not likely 
that all CN combinations occur. 

The “ maximum ” number of MN and NM sequences represents the combinations 
of which this writer has been able to find examples in word-initial and word-final 
position. Though additional combinations can probably be found, it does not seem 
likely that the figures will be radically different. Only Malone and O’Connor show 
higher figures, and as is suggested above (2.1 and 4.1), these figures are probably too 
high. Some of the figures making up the maximum are tentative only. Thus, the 
onsets /Jp, Jt, fk, fm, Jn, fl/ are mentioned by Hill (1958) as occurring in proper 
names, but we do not know with how many nuclei they combine. Syllables containing 
syllabic consonants are disregarded, or rather they are interpreted as allophonic 
variants of /o/ + consonant. 

The “ suggested minimum” is the number of MN and NM combinations con- 
sidered necessary for the type of GA described in 2.2. The “ maximum” number 
was reduced according to the same principles as for margins only (3.3). 

A complete list of all the particular combinations of syllable nuclei and margins 
included in the “ maximum ” of Table 3 is given in the Appendix to this paper, with 
key-words for all word-initial MN and word-final NM combinations which have been 
documented in the GA and RP dialects of English.° 


4.2. Medial Sequences 

The minimum list does not account for all M and N combinations which occur 
word-medially, or rather, non-initially in the word in the case of MN, non-finally in 
the word in the case of NM. Thus, though /psN, pJN, tsN, djN, gnN, 3N, oN, IjN/ 
5’ Appendix B of SRL Report No. 5 also lists the occurrence or non-occurrence of these 


combinations in the various sources, and includes those combinations which are not contained in 
the maximum. 
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may be ruled out for word-initial position, we shall need these sequences for word- 
medial position, as in trapesing, Hampshire, pizza, Indian, ignore, leisure, hanging, 
failure,’ and with our present data it is not possible to state how many different N’s 
occur after each M. 

Further, though some specific MN sequence may be non-occurring, or non-essential, 
word-initially, it may be needed word-medially, such as /blo1, gju, splo, splo1, splou, 
strol, vj# / in tabloid, argument, explorer, exploit, explosion, destroy, behaviour. 
Similar arguments apply to NM combinations. Trnka (1935, pp. 37-40) lists 238 NM 
sequences which occur only non-finally in the word (there are no similar specifications 
for those MN sequences which occur non-initially in the word), but M in many cases 
clearly spans two syllables. No other data on the subject seems to be available. 

In the “maximum” and the “suggested minimum” there are included only 
combinations which have been attested or, in the case of the suggested minimum, which 
are considered essential initially and finally in the word. 


4.3. Segment Inventory 

This inventory of essential MN and NM sequences could be used in determining 
the segments required in speech synthesis using half-syllables as basic units. The 
segments would be joined together at the point of syllable division and in the 
middle of the syllable, i.e. between coda and onset and in the relatively sustained 


part of the syllable nucleus. Thus, the segments M = and 4 M would include the 


2 2 
whole of M and half of N. 

The advantage of such a system is that it would include the dynamics within 
complex M’s and in the transition from M to N and from N to M. But several 
problems remain unsolved. 

One problem would be to determine the best point for making a cut in the middle 
of N. In accordance with the basic principle underlying the dyad concept, we would 
like to make the cut, and join segments, where there is as little change as possible in 
the spectrum. In monophthongs this point is approximately in the middle of the 
phonetic unit, where the articulating organs and the formant frequencies have reached 
their target positions. Such syllable nuclei as /i, 1, 2, a/ could thus probably be cut 
in the middle, and rejoined with other half-nuclei of the same kind without too much 
distortion, e.g. dri + imz = [drimz], where i in dri contains the first part of an [i], 
and i in imz contains the last part of an [i]. The dyad approach to synthesis assumes 
that this is possible. 

It is more difficult to make a cut in the middle of a diphthong, or an essentially 
glided nucleus, however. If there is no sustained part in such a glide, one would be 
forced to make the cut in the middle of the glide. In a type of synthesis where the 
segments are produced and controlled electronically, this will cause less trouble than 


7 The syllable division suggested here and in the following paragraph is arbitrary. It has no 
bearing on the present argument whether another syllable cut would reflect the phonetic facts 
better : in whichever way word-medial consonant sequences are divided, there will probably be 
some MN and NM combinations which do not occur word-initially and word-finally respectively. 
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when the segments are to be cut out of recorded actual utterances. In the latter case 
it would be difficult, though probably not impossible, to match the spectra of the half- 
N N ‘ 
nuclei in M 7+? M. However, for many dialects sustained parts can be found in 
the diphthongs. Lehiste and Peterson (1960), in spectrographic studies, found two 
target positions, one initial and one final, for [al, au, 21], and both were sustained, 
with a long glide between ; in [e1] there was an initial “ inflectional point ”, i.e. target 
position, but only the final part could be sustained, whereas it was only the initial 
part of [ou] which might be sustained ; the better part of both [el] and [ou] was 
taken up by a gradual glide. 

Wang and Peterson (1958), in setting up their dyad inventory, considered [al, au, 
21] sequences of the syllabics [a, >] and the glides [j, w], and so were able to 
synthesize, for example, buy out of the segments a > + > j. [et] and [ou], on the 
other hand, were considered units which could be cut in the middle, without any 
discussion of the problems involved in cutting into the middle of a glide. 

For half-syllable segments, the best solution appears to be to make a cut in one of 
the sustained parts of [al, au, 01], possibly in the first one, so that for [bait] one would 

als all 
need the segments b ee 
of the diphthong [al], the last > being the last part of [a] plus the glide to [1] and 


al 
t, the first > representing one half-length of [a] as part 


the sustained part of [1]. It does not seem advisable that the first part of [al, au, 21] 
should be replaced by the first part of [a] and [>], as in pot and bought, since the 
phonetic difference between them might be too great. In [et] and [ou] the cut could 
be made in that part which happened to be sustained. Some English dialects or 
idiolects may presumably have no sustained part in the diphthongs, and the same 
situation will probably be found in other languages. Further research is required to 
study the results of segmenting into the middle of such a glide. 

Another problem in synthesis from half-syllables is to determine the point where 


N 


N 
the two margins meet in 7 M+M > where MM is an intervocalic utterance-medial 


consonant sequence. In most cases such a sequence can be divided into syllable-final 
+ syllable-initial, or coda + onset, without loss of intelligibility (cf. 3.2). In complex 
interludes one could divide the consonant sequence at the point between two phonetic 
units which is closest to the syllable boundary, even though the syllable boundary in 
actual speech may be somewhat floating.’ Most favoured points of syllable division 
may be established for English (Sivertsen, 1960, pp. 14-21). Thus, in [‘ekstro] extra 


8 The argument in the present section about the point of syllable division is not based on 
experimental data. It is assumed that, in English, phonetically trained listeners can determine 
the boundary between certain phonetic units generally called syllables, and that these boundaries 
are paralleled by certain physiological and acoustical facts. 
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the syllable cut could possibly be made ['eks-tro]. It seems unlikely that this would 
result in lower intelligibility. 

For simple interludes the problem is more complicated. The syllable boundary is 
neither before nor after, but in the middle of [t, b, 1, r] in [‘bet x] better, [‘rabin] 
robin, [‘falou] follow, [‘vert] very. After so-called long vowels and diphthongs and 
after unstressed vowels, the syllable division might possibly be made before the 
consonant, as in [‘si-l1n] ceiling, [‘dal-vin] diving, [2‘raund] around (Sivertsen, 1960, 
pp. 14-21), but this could not be recommended for simple margins after stressed 
short vowels. 

Two solutions might be suggested. (a) One could presumably double the medial 
consonant, and let, for example, robin be synthesized from r 5 + 5 b +b 5 + 52. 
This would probably not sound very natural, but it remains to be seen whether it 
would have low intelligibility. (b) A better solution might be to set up an extra set of 
segments for such cases, s a an > = including half-length phonetic units of M 
as well as of N. Thus, one would make a cut in the middle of the simple interlude, 
for example, in the middle of [t, b, 1, r] in [‘bet a, ‘rabin, ‘falou, ‘vert]. Even so, one 
could probably not use the flap allophone of /t/ for this position, but would have to 
accept a voiceless stop allophone, so that one could make the cut in the middle of the 
closure. 


MN NM 


If we accept that d — > where M is a simple margin, i.e. a single 


7s 2 

consonant, have to be added to our segment inventory, the maximum number of extra 
segments will be 15 x 22 x 2 = 660, ie. the number of syllable nuclei multiplied 
by the number of consonants for both MN and NM sequences. However, such extra 
segments will be needed for the synthesis of -N,CN.- only when N, is stressed and 
one of the so-called short vowels, /1, €, 2, a, u, 3/, when N, is unstressed, and when C 
is not one of the consonants /h, j, w/. On the basis of the occurrence of CN in word- 
initial and NC in word-final position (cf. the Appendix), it is suggested that 239 
CN N C 


77 and 89 > 7 segments should be required, i.e. a total of 328. To this figure 


should be added at least 6 < > accounting for the sequences /31, 30, 32, pI, 


pe, p#/, which do not occur in word-initial position, and an unknown, though 

probably not very large, number of segments to include NC sequences which do not 

occur word-finally, such as /13, €3, 23/ in vision, measure, casual. For the purposes 
CN NC 


of this discussion, we shall assume that 245 Fr and 100 . ae Y segments are needed. 


X and = M segments will have to be 


increased still further, in order to take into account those MN and NM sequences in 


It is likely that the total inventory of M 
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general which occur word-medially only, since these are not included in our lists. 
The present data do not allow us to estimate how great an increase this will mean. 
If all syllable margins could combine with all syllable nuclei, the total number of 
segments would be: 66 onsets x 15 nuclei = 990 segments 

168 codas x 15 nuclei = 2,520 segments 

Total 3,510 segments 
Moreover, it is entirely possible that some or all of the syllable nuclei will have to 
be represented by two or more allophones, for example, one for stressed position and 
another for unstressed position. It is only by testing the segments in actual speech 
synthesis that one would get an answer to this problem. However, even if two 
allophones, one stressed and one unstressed, are required for each syllable nucleus, 
the total number of segments required will not have to be multiplied by as much as 2, 
since it is hardly likely that both allophones can combine with all syllable margins. 

Disregarding the unknown number of extra segments which might be required 

according to the last paragraph, it is now possible for us to compute the number of 
half-syllable long segments required for speech synthesis: 


N 

M - 713 

N 

> M 938 

Total 1,651 

CN NC , 
If we accept that a) and i segments are needed, the total may rise to 1,996: 

N 

M z 713 

CN 

ey 245 

N 

> M 938 

NC 

Total 1,996 


This figure will have to be multiplied by the number of prosodic conditions required 
for each sequence. It is assumed that 7 intonation contours, i.e. 3 pitch levels and 4 
pitch glides, will be adequate to account for all the essential prosodic contrasts in 
GA (cf. 2.33). We shall need all three levels for each of the half-syllable phonetic 
sequences. It is also likely that the four glides will be needed for each sequence. 
Though little work has been done on the distribution of pitch glides, or of intonation 
contours involving pitch change, over the various parts of the syllable, and over larger 
segments of the utterance, it seems hardly possible, for example, to crowd the whole 
pitch glide of a /3-1/ intonation contour into the first half of a syllable, and let 
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the last half have pitch level /1/. It appears that it will be necessary to segment in 
the middle of the pitch glide, so that the first part of it is included in the first 
half-syllable, and the last part in the last half-syllable. It is unfortunate that one 
cannot follow the same principle as with respect to the spectrum, and make the cut at 
the point of least change, since it may be difficult to construct segments which match 
in pitch in the middle of a pitch glide, particularly if segments cut out of recorded 
natural utterances are used. However, cutting at the point of minimum pitch change 
does not seem possible unless one is prepared to concentrate the whole pitch glide in 
one half of the syllable, as suggested above. 

Assuming that all the intonation contours are required for each phonetic sequence, 
our segment inventory will comprise a total of 1,651 x 7 = 11,557, or 1,996 x 7 = 
13,972. The latter number would be required if < s and = £ segments are 
included. 


5. SYLLABLES 


Another possible unit for speech synthesis based on segments would be the syllable. 
It is assumed here, as elsewhere in this study, that the syllable is a phonological and/ 
or phonetic unit in English, and that it can be isolated and defined. 

There are various ways of estimating how many segments would be required. One 
could multiply the number of essential initial half-syllables with the number of final 
half-syllables, as estimated in 4.3: 

713 x 938 = 668,794 
This figure would undoubtedly be far too high for speech synthesis segments. It is 
not likely that all these combinations occur at all in English, and they would certainly 
not be included among the more common syllables that would be required as a 
minimum for synthesis purposes. 

Trnka, whose corpus is the pronouncing dictionary by Daniel Jones, found 3,178 
different monosyllabic words. It must be assumed that the disyllabic and polysyllabic 
words of the dictionary contain syllables which do not occur as separates, i.e. as 
monosyllabic words, so that the total number of syllables in this corpus is considerably 
higher. : 

Dewey found, in 100,000 words of printed material, 4,400 different syllables. 1,370 
of these occurred more than 10 times each, and accounted for 93% of the total of 
the corpus. 

One could probably use Dewey’s total figure, 4,400, as an indication of the number 
of syllable-size segments required for speech synthesis. Assuming that all of the 
7 intonation contours can occur on any syllable, the total number of segments for 
synthesis will be 4,400 x 7 = 30,800 
or, if only the most common syllables are considered necessary, 

1,370 x 7 = 9,590 
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6. SYLLABLE DYADS 


The concept of the dyad may be extended to the syllable, in order to subsume the 
dynamics involved in the transition from syllable to syllable. The cuts would then be 
made in the relatively sustained portion of the nuclei, assuming that one can find such 
a sustained part (cf. 4.3), and no other cuts would be required. All segments would be 


of the general type > M = Zero nucleus, as well as zero margin, would have to be 


added to our list of phonetic segments. Table 4 shows the principles for synthesizing 
utterances of various types. N, and M, represent zero nucleus and zero margin. 

The maximum number of segments required could be found by multiplying the 
number of final half-syllables with the number of initial half-syllables. We have found 
that 938 NM sequences may be required for word-final position, and 713 MN 
sequences for word-initial position (4.1, Table 3); for the sake of the present 
argument, we shall disregard the additional MN and NM sequences which may be 
needed for word-medial position. To these sequences must be added combinations 
between margins and zero nucleus. Assuming that any margin may combine with 
zero nucleus, we arrive at the following figures (cf 3.1, table 2): 


NM (including NM») 938 MN (including M,N) 713 
N,M 168 MN, 66 
NM total 1,106 MN total 779 


NM x MN = 1,106 x 779 = 861,574 

It seems hardly likely that all these combinations actually occur in English, but 
there are no data available which would indicate how many segments would be needed 
for synthesis. 

It appears probable, though, that the number of syllable dyads would be greater 
than the number of syllables, since there are probably fewer general restrictions on 
permissible phoneme sequences in utterance chunks of more than syllable length than 
in syllable-long utterance chunks. Thus, linguists usually find that they can state the 
characteristic distribution of each phoneme more easily in relation to the syllable 
than to any larger phonological unit (Haugen, 1956). The complexity involved in 
stating the combinatory rules for phonemes in words of more than one syllable is 
apparent in Trnka’s monograph. 

Finally, one would have to multiply the number of > M z sequences with the 
number of required prosodic conditions. Since the pitch levels and pitch glides seem to 
be associated with the syllable as their basic distributional unit, it would be necessary 
to multiply the number of NM sequences and the number of MN sequences 
separately with the required number of intonation contours. 

NM = 1,106 x 7 = 7,742 

MN = 779 x 7 = 5,453 
The maximum number of syllable dyad segments required for speech synthesis would 
thus be 7,742 x 5,453 = 42,217,126 
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TABLE 4 
UTTERANCE TYPE SEGKENTS EXAMPLE 
NN az, az 
N No My 5 + 5 My Ny > +> =([er) 1 
MN yout dunn tr 444 = [rri)} er 
"2° 2 ee 2° 
NoNa, 3 
™ No My 5+ 5 MN $+ $m = [arm] rr 
— 
mM oS +5 UN skr § + Sty = (skrot erotch 
WY , y NX N N N i i 
NMN Ny MoS + aM at 5 My Ni 4442444 [ici sy 
MINNM nou ds Bu, d+ dun, bP 4 SbL42y = [verry] buying 
ii — NN x —_— 
MNMNUINM nomo + Buds Bud. h 1£+Enwd+ist h+ Es 
= [lrngwrstrks] linguistics 


Examples showing the principles for synthesizing utterances of various types from syllable dyads. 


It is fairly obvious that this figure is by far too high as a minimum for synthesis of 
speech with relatively high intelligibility. However, there does not at present seem 
to be any way to decide just how many segments would be needed, except by under- 
taking some large-scale phonemic transcription of running texts, with frequency 
counts of the various syllable dyads. 


7. Worps 


The longest phoneme sequence which could usefully serve as the basic segment in 
speech synthesis is probably the word. The term is here used in its traditional sense. 
Homonyms would for our purposes be the same word, whereas synonyms would be 
different words. Forms like /rid/ read, /ridz/ reads, /red/ read, /ridin/ reading 
would also constitute different words. Thus, two linguistic forms of word-length are 
different words if they differ in phonemic composition. 

If words are accepted as segments for speech synthesis, it will hardly be necessary 
to store as many segments as there are entries in, for example, the Oxford English 
Dictionary. One would have to base one’s inventory on some kind of frequency count. 

In 100,000 words of printed material Dewey found 10,119 different words. Out of 
these, 1,027 words occur more than 10 times each, and make up 78-6% of the total 
corpus. 

In 80,000 words of telephone conversations, French et al. found 2,822 different 
words. When inflected forms were not counted as separate words, they found 2,240 
different words. Out of these 2,240 words, 737 occur in at least 1% of the 1,900 
telephone conversations, and together they constitute 96% of the total occurrence of 
words. 
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In 288,152 words of college classroom speeches, Black and Ausherman (1955) found 
6,826 different words. However, the number of phonemically different forms of word- 
length in their data is greater, since they considered related inflected and derivational 
forms, and even homographs with different phonemic content, to be the same word. 

Other word frequency studies are found, for example, in publications by Fossum 
(1944), Fraprie (1950), Thorndike (1931 and 1944), and Voelker (1942). Dale has 
published a bibliography of vocabulary studies (1949). 

The number of segments required depends on the use to which the synthesizer will 
be put. One could make separate word frequency counts for each type of material one 
would expect to synthesize. Thus, if the synthesizer was to be used only in sending 
messages to, say, the operators of space ships, one would probably need a considerably 
smaller inventory than what would be required for the transmission of learned scientific 
material of varied nature, or for the exchange of ideas on cultural topics. It is not 
unlikely, however, that the number of words would be smaller than the number of 
syllable dyads. 

In any event, the number of words would have to be multiplied by the number 
of prosodic conditions required. Assuming that disyllabic and _polysyllabic 
words would be stressed in one way only, i.e. disregarding potential differences in 
degree of stress on the various syllables and in stress placement, one would have to 
consider more than seven intonation patterns for each word of more than one syllable. 
For the syllable which can potentially carry a gliding intonation contour, i.e. the potentially 
stressed syllable, has seven possible pitch patterns, but each of these can be combined 
with different pitch levels on each of the remaining syllables. Also, some words might 
have more than one potentially stressed syllable, and thus more than one syllable which 
can take any of the seven essential intonation contours. Thus, the number of words 
might have to be multiplied by a relatively high number of prosodic conditions. 


8. SUMMARY AND CONCLUSION 


The preceding pages give a survey of the types of segment that might be useful 
in a form of speech synthesis where the building blocks are successive segments in 
time. There is also an estimate of the number of segments that might have to be 
stored for each type of synthesis. 

Table 5 is a summary of these estimates. “ Phoneme sequences”, in the second 
column, gives a suggested minimum for the number of segmental phoneme sequences 
that might have to be represented in the inventory. When the segment is of phoneme 
length, the phoneme sequence consists of one phoneme only. The column “ Segments ” 
suggests a minimum for the total segment inventory when various prosodic conditions 
are taken into account. 

The figures are tentative. They suggest only the approximate and relative size of 
the inventory for each type of segment. First, the data are incomplete on many points. 

“hus, we know little about which particular phoneme sequences may occur * 
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TABLE 5 
PHONEME 
SEGMENT TYPE SEQUENCES SEGMENTS 
Phoneme 37 155 
Phoneme dyad 1,218 8,460 
IC of syllable 226 650 
Half-syllable 1,651 11,557 
Syllable : 
Dewey, total 4,400 30,800 
Dewey, most frequent 1,370 9,590 
Syllable dyad 861,574 (?) 42,217,126 (?) 
Word: 
Dewey, total 10,119 
Dewey, most frequent 1,027 
French, total 2,822 (?) 
French, most frequent 737 
Black and Ausherman 6,826 


Number of segments required for speech synthesis from various segment types. 


utterance-medial position. Second, the size of the inventory depends on considerations 
of the frequency of occurrence of the various units in the particular type of material 
that the machine will be required to synthesize. Third, the estimates are in part 
based on certain hypotheses about the nature of speech ; it would be necessary to 
test in actual synthesis, for each type of segment, the necessity for increasing the 
inventory or the possibility of decreasing it. 

At the present one can give only a theoretical evaluation and comparison of the 
various types of synthesis. 

(a) When we compare the figures of Table 5, one thing stands out: With the 
exception of the phoneme dyad and the syllable dyad, the size of the inventory 
increases with the length of the segment. Thus, there is a direct relationship between 
the length of the segment and the size of the inventory. This could be predicted for a 
system like language, which is characterized by the fact that a relatively small number 
of units on one hierarchical level combine in various ways to form a large number of 
units on a higher level of the hierarchy. 

The relationship obtains only when the segments correspond to some linguistic 
unit. The segment inventory becomes disproportionately large when the segments are 
not co-terminous with linguistic units. This is the case for phoneme dyads and for 
syllable dyads. 

(b) From the point of view of intelligibility, however, it is better to use as long 
segments as possible. When we segment into an utterance in order to establish 
invariable building blocks for speech synthesis, we interfere with the natural dynamics 
of speech, with the continuously changing spectrum and fundamental frequency. If 
some of these dynamics of speech could be incorporated in the segments, it seems likely 
that intelligibility would be higher. 
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(c) With present techniques, the number of units to be stored is probably a minor 
problem. Thus, if our primary objective is to establish an efficient communication 
system, we would no doubt select one of the longer types of segment as basis. 

However, speech synthesis is today an important research tool for speech analysis. 
(Peterson and Sivertsen, 1960; Stevens, 1960). Testing methodically the various 
types of segment considered above, making systematic changes in the inventory for 
each type, disregarding or including specified phonetic or phonemic features (duration, 
stress, juncture, pitch phenomena, allophonic variations of phonemes, changes in the 
spectrum during a phoneme-long segment, etc.), might throw new light on many 
aspects of speech and language. By pitting synthesis from short segments against 
synthesis from longer segments, one could study the relative importance, for perception, 
of the dynamics of speech, on the one hand, and of the target values or invariances, 
on the other. 

Speech synthesis from stored segments provides a means of checking certain theories 
about linguistic structure, and phonetic statements about the nature of speech. For 
English one could, for example, test the hypothesis that intonation patterns are com- 
binations of a limited number of pitch levels, or that 2 (or 3, or 4) contrastive stresses 
are needed in order to account for all stress differences, or that internal open juncture 
contrasts with absence of juncture. One could further test statements about the 
phonetic nature of stress contrasts or juncture contrasts, and check descriptions of 
the invariance of phonemes, on the one hand, and of their allophonic variations, on 
the other. More generally, such synthesis may be used in studies of the basic problem 
of segmentation. It is well known that there are a number of difficulties involved in 
segmentation of the speech continuum. Doubts have been raised whether such 
segmentation is possible at all, acoustically or physiologically, except in a purely 
physical sense. X-ray studies of the physiological mechanism and acoustical analyses 
of the speech wave show continuously changing formations and patterns in many cases 
where an intuitive auditory-phonetic analysis finds a segment border. Speech synthesis 
might provide an answer to some of the problems. 

The value of speech synthesis from stored segments as a research tool in speech 
analysis, like that of other types of speech synthesis, lies less in the new and original 
data on language and speech that it might provide: it is of importance first and 
foremost as a check on data and hypotheses derived by other means, such as traditional 
linguistic analysis and instrumental studies of the vocal mechanism and of the 
speech wave. 
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APPENDIX 


The following is a list of (1) all the word-initial and word-final margins (M) which 
have been documented for the GA and RP dialects of English, (2) the particular 
syllable nuclei (N) with which each margin may combine, and (3) key-words for 
these MN and NM combinations. The list represents the “‘ maximum ” of 2.31. 

The column MIN. (minimum) indicates whether the particular phoneme combination 
is adopted in the “ suggested minimum ” of 2.32. 

The data were subjected to certain phonemic normalizations: 2.2. 

Variant pronunciations are indicated, and a word may be listed as key-word for 
different phoneme sequences. Thus, pierce is the key-word for /-irs/ as well as for 
/-1rs/, and lunch is given as example of both /-ont{/ and /-onf/. Two key-words 
are sometimes given, in order to account for the distribution of RP /z, a, p, o/ as well 
as of GA /z, a, 0/. NM sequences which occur only in dialects where /r/ is not 
found before consonants and junctures (“r-less dialects”) are enclosed between 
parentheses. 

Some sequences are rare and seem to be characteristic of certain dialects or idiolects 
only. In such cases the source for the key-word is indicated in parentheses. The 
following abbreviations are used: 


FW New Standard Dictionary of the English Language, Funk and Wagnalls 


Company. 

Hi A. A. Hill, Introduction to Linguistic Structures. 

Ho C. F. Hockett, A Course in Modern Linguistics. 

J D. Jones, An English Pronouncing Dictionary. 

K J. S. Kenyon and T. A. Knott, A Pronouncing Dictionary of American 
English. 


M K. Malone, The phonemic structure of English monosyllables. 
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M1959 The phonemes of current English. 

T B. Trnka, A Phonological Analysis of Present-Day Standard English. 

Wh B. L. Whorf, Linguistics as an exact science. 

Wo C. Wood, Wood’s Unabridged Rhyming Dictionary. 

r-less occurs only in so-called r-less dialects, i.e. those dialects where /r/ never 
occurs before consonants or junctures. 


Notes are added for those phoneme combinations that are excluded from the 
suggested minimum, giving reasons for their omission: 


Rare : occurs only in rare words, for example, scientific or otherwise specialized 
terms (example: /pt/ in ptomaine), or represents an unusual pronunciation (example: 
/ps/ in psycho-). 

Foreign : occurs only in foreign names or words which have not been assimilated into 
English (examples: /pf/ in Przemysl, /pf/ in pfennig). The decision as to whether 
a certain MN or NM combination is foreign to English or not, is necessarily arbitrary. 
From another point of view, such combinations might be considered “ rare ”. 

Not GA: occurs only in dialects other than the particular type of GA under 
consideration in this study (example: /tj/ in tune). 

Only apts? (Ot, etc.): /pts/ (/@t/, etc.) probably occurs after /r/ only if 
[#C] is interpreted as /arC/. 

>: can be replaced by, without appreciable loss of intelligibility. This applies to 
some unusual sequences which are generally paralleled by some other sequences in 
other idiolects (example: /ps/ > /s/ in psycho-), sequences which are not used in 
GA (example: /tj/ > /t/ in tune), sequences which are freely varying with other 
sequences, the distribution being partly idiolectally conditioned (example: /nf/ > 
/ntf/ in lunch), and sequences which are often replaced by other sequences in normal 
colloquial style (example: /t6s/ > /ts/ in eighths). 
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THE COLLEGE OF SPEECH THERAPISTS 


The College of Speech Therapists is holding a Conference in Birmingham, England, 
from 24th to 28th July, 1961. ! 
Abnormalities of speech and language will be presented as systemic disorders under 
the guidance of the concepts of Signs, Signals and Symbols. 
Further information may be obtained from The Conference Secretary, 16 York } 
Road, Birmingham 16, England. 





Professor J. L. Pauwels, Editor of Leuvense Bijdragen, wishes to obtain Language 
and Speech, Vol. 1, Part 4 (Oct.-Dec. 1958) to complete his collection. Offers should ’ 
be addressed to him at Naamse Vest 40, Leuven, Belgium. 


ADDRESSES OF CONTRIBUTORS TO VOL. 4, PART 1 


Bruce, Dr. D. J., Department of Psychology, The University, Reading, England. 

GOLDMAN-EISLER, Dr. Frieda, Department of Phonetics, University College, Gower 
Street, London W.C.1, England. 

SIVERTSEN, Dr. Eva, Norges Lererhogskole, Trondheim, Norway. 
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SOME LINGUISTIC FEATURES OF SPEECH FROM 
APHASIC PATIENTS* 


SAMUEL FILLENBAUM AND LYLE V. JONES 
University of North Carolina 


and 


JoserH M. WEPMAN 
University of Chicago 


The free speech of each of twelve adult aphasic patients was examined with 
reference particularly to (1) the distribution of words according to grammatical 
function, (2) sequential dependencies in form-class usage, and (3) stereotypy in 
vocabulary. The majority of the aphasic records departed considerably from normal 
usage (as defined by analysis of twelve control records), with similarity among some 
patients in the pattern of divergence. The measures used appear to be of particular 
value in revealing (i) semantic difficulties in word selection and (ii) difficulties in the 
sequencing of speech that occur along with syntactic losses. 


This paper describes some characteristics of the speech of 12 adult aphasic patients, 
as compared with the speech of 12 control subjects. From transcripts of subjects’ 
speech a number of measures are determined which may be useful as general 
descriptions of speech and which may be sensitive to various sorts of language disorder. 
This information permits some evaluation of the divergence of a particular aphasic 
record from the control data, as well as its divergence from each of the other aphasic 
records. 

To obtain running samples of free speech, 20 cards from the Thematic Apperception 
Test were administered to each subject; all responses were tape recorded and 
subsequently transcribed. The transcripts were processed so as to provide for each 
subject a list of minimal free forms (these will be called words), their sequence, and 
frequency of occurrence. For some purposes the transcript items were classified (with 
difficulty in the case of ambiguous items, particularly for the aphasic patients) in terms 
of the following form classes: adverb, adjective, verb, noun, pronoun, other (syntactic 
words: articles, prepositions, and conjunctions), neologism, unusual use (unclassifiable), 
period, pause, and vocal gesture (or, more simply, gesture). As the occasion warranted 
these form classes were collapsed into a smaller set of adverb, adjective, verb, noun, 
pronoun, other ; or even into lexical class (adverb, adjective, verb, noun) and function 
class (pronoun, other). 


* This investigation was supported by PHS research grants M-1849 and M-1876 from the 
National Institute of Mental Health, United States Public Health Service. The authors are 
grateful to Dr. R. Darrell Bock, for general assistance in this project, and to Mr. Raymond A. 
Wiesen, who collaborated in the plans for data analysis and developed the computer programme 
for the analysis. At the University of Chicago, students who aided in data collection and 
linguistic classification include Robert C. Huni, Janice Lynn, Norman Markel, and Doris Van Pelt. 
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Essentially, three aspects of speech are examined: a) the relative frequency of use 
of each of the form classes, b) the concentration or diversity in vocabulary as measured 
by the type-token ratio or by Yule’s K coefficient (Yule, 1944), and c) sequential 
dependencies in form-class usage, transitional digram frequencies as indicated by the 
relative frequency with which items in any one form class are followed (or preceded) 
by items from each form class. 


UTILITY OF THE MEASURES 


A speaker is regarded as being equipped with a repertory of words, together with 
a set of rules for the formation of strings of words ; on any particular occasion his task 
may be thought of as the selection of items from his word pool and the arrangement of 
these consistent with formation rules in terms of some plan (cf., Miller, Galanter, 
and Pribram, 1960). 

Consider first some possible consequences of losses in a person’s word repertory, 
If losses were concentrated among the less frequent, more specific lexical items, one 
might expect a redistribution of usage over form classes ; e.g., such losses would 
particularly affect availability of nouns, and we might anticipate greater use of the 
more frequent and general substitutes for nouns, i.e., pronouns. Such losses would 
also be likely to result in greater concentration or lesser diversity in use of lexical items. 
Those few items which remain available would be expected to be used more often. 
Almost necessarily, as a consequence of the above, there are likely to be changes in 
the contingencies among items, i.¢e., in the immediate environment of members of 
any given form class. All of these predicted effects would be reflected by changes 
in the three measures outlined above. 

For the free-speech situation in which the data were gathered, disorders’ of word 
selection may be regarded as having much the same consequences for speech as word 
losses from the repertory, with effects of the sort indicated above. In other circum- 
stances, say a structured test situation, quite different performances might result ; if 
the word-selection process were to be disturbed, the speaker should have difficulty even 
if an appropriate word repertory were provided experimentally. 

Losses of syntactic items, characteristically of intralinguistic function and of high 
frequency of occurrence in normal speech, would be reflected in other ways. But 
again, we would anticipate changes in form-class usage, in measures of concentration 
of vocabulary for function items, and, of course, changes in the sequencing or arrange- 
ment of items from the different form classes. 

Disruption of the rules of arrangement for strings of words will surely be reflected 
in changes in word sequencing at the digram level. Just as losses with regard to the 
rules of arrangement for strings of words will lead to changes in sequencing, so 
changes in sequencing may well lead to losses or changes in the occurrence of words 
from given form classes, e.g., with loss or change in the formation rules that make for 
complex grammatical constructions there is likely to appear a concurrent decrease in 
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TABLE 1 
CASE AGE SEX  EDUCATION* OCCUPATION DIAGNOSIS PARALYSIS 
102 40 M I Tool & die Cerebral Aneurism Right 
designer 
112 40 M I Carpenter Post-brain tumor Right 


extirpation, left 
tempo-parietal 


105 49 M II Clerk Post-encephalitis, None 
post exploratory brain 
surgery, left temporal 

107 35 M II Semi-skilled CVA Right 

steno-clerk 

109 40 M II Tool & die Post-brain tumor, Right 

maker left temporal 

110 58 F II Housewife CVA Right 

106 70 M II Mechanic CVA Right 

111 47 M III Executive CVA Right 

104 54 M Ill Lawyer CVA Right 

108 35 M III Dentist Trauma, accident Right 

101 65 M III Lawyer CVA None 

103 67 M III Agronomist CVA None 


* I: Less than 12th grade 
II: Completed high school 
III: Completed college 
Aphasic patients: personal data. 


frequency of the small syntactic function words which provide the scaffolding for such 
constructions (cf., Wepman, Bock, Jones, and Van Pelt, 1956). 

The measures to be considered here obviously are not the only interesting ones that 
might have been obtained. They may not be sensitive to certain important structural 
features in speech or the disruption of speech. Unfortunately, each cannot be regarded 
as a univocal indicator of some one underlying aspect of speech. Nevertheless it seems 
plausible, in terms of the considerations noted above, that some very general, important 
features of language or damage to language are reflected by the measures considered. 


METHOD 


Subjects 

The twelve aphasic patients considered in this study were referred to the Speech 
Clinic of the University of Chicago, and there each was diagnosed as suffering from 
some aphasia. Background information on these patients is summarized in Table 1. 
The twelve control subjects were all white, native-born with English as native tongue, 
at least of average intelligence, without history or indication of psychotic disturbance 
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TABLE 2 

CASE AGE SEX  EDUCATION* OCCUPATION 

009 36 M I Bus driver, Army 

012 44 F I Dishwasher and 
housewife 

008 91 M I Retired farmer, 
Salvation Army 

oll 69 F Housewife 

007 42 M II Foreman on 
assembly line 

001 40 F II Housewife, saleswoman 

006 73 M II Carpenter 

010 62° F II Missionary, 
Salvation Army 

005 47 M III Dentist 

003 50 F III Librarian, retired 
teacher 

004 67 M III Lexicographer, 
professor 

002 66 F III Retired teacher 


" I: Less than 12th grade 
II: Completed high school 
III: Completed college 
Control subjects: personal data. 


or organic brain damage. Table 2 provides a summary of information on the control 
subjects. 


Definition of Measures and Results 

Length of Transcript. The data of Table 3 allow some gross comparisons among 
subjects with regard to fluency or total amount of speech in response to 20 TAT 
pictures. 

Form-Class Usage. The relative frequency of use of the various form-classes is 
shown in Table 3' where divergence of aphasic scores from the control range is also 
indicated.” 


‘A reduced form-class usage table was also obtained where relative frequencies were computed 
with Period, Pause, and Vocal Gesture classes omitted. The results generally were much the 
same. In all cases, words were classified, except, of course, for neologisms and “ unusuals” 
on the basis of their classification in the American College Dictionary. If, as is so common in 
English, more than one classification was possible, the context was allowed to decide between them. 


* Generally, in evaluating data from an aphasic patient it will be indicated whether his score on 
the measure under consideration falls within, below, or above the range of scores of the control 
group (for this purpose, the control range will be defined as the range of the middle 10 of the 
12 observations). In comparisons between aphasic patients, similarities in deviation from the 
control data will be of particular interest. 
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101 2664 

102 1025 — 
103 1565 — 
104 1849 — 
105 1836 — 
106 5692 + 
107 5558 + 
108 4807 + 
109 3396 

110 5524 + 
111 774— 
112 4182 


CONTROL SUBJECTS: 


Mean 3423 

Range: 

Middle 10 2346— 
4630 


TABLE 3 


OTHER NEOL. PERIOD PAUSE GESTURE 


164— _ .001 040 -100+ 028 

146— .020+ .029 048 101+ 
160— .007+ .066+ .071 087+ 
163— .001 029 045 077+ 


+ above control range 
— below control range 
Relative frequency of use of various form classes. 





106 
107 
108 
109 
110 
111 
112 


TABLE 4 


K FOR 
LEXICAL WORDS 


132.9 
935.1+ 
169.6+ 
223.2+ 
151.4 
256.8 + 
289.4+ 
95.5 
163.2+ 
198.2+ 
412.4+ 
87.2 


CONTROL SUBJECTS: 
Mean 117.9 
Range: Middle 10 74-157 


+ 


Yule’s coefficient K determined separately for lexical and function words. 


above control range 


below control range 
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049 — 
-120+ 
-143+ 
-119+ 


124+ 


ADJ. NOUN 
101+ .177+ 
035— .115 
084 .123 
073 .089 — 
088 146 
056— .101— 
043— .064— 
070 .103— 
074 .096 — 
065— .090— 
021— _ .130 
091 150 
087 136 

.070 - 105 — 
.097 172 


K FoR 
FUNCTION WORDS 


656.9 
2797.9 + 
690.8 
690.8 
563.9 
432.6— 
621.0 
469.7— 
641.4 
$72.3 
1119.3+ 
510.9 


555.0 
475 —714 


VERB 


.185— 
-148— 
181— 
-163 — 
214 
.213 
-193 — 
182 — 
.225 
.193 — 
125— 
219 


218 


195 — 
243 





PRO. UNUSUAL 


012+ 
015+ 
015+ 
.038 + 
.004 

.039 + 
035+ 
.017 + 
016+ 
.026 + 
.037 + 
.033+ 


003 


.001— 
005 
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Concentration or Diversity in Vocabulary. The type-token ratio, which may be 
considered a measure of diversity in vocabulary, was computed separately for lexical. 
and function items, as well as for the total test. However, these values are extremely 
difficult to interpret because of their sensitivity to sample size ; generally speaking the 
smaller the number of words spoken the larger the type-token ratio. Because of this 
difficulty, no use is made of the measure here. 

A particular virtue of Yule’s K coefficient (Yule, 1944) as a measure of concentration 
in vocabulary use is that it is independent of sample size, and one may therefore 
legitimately compare K values from texts of different lengths. Yule’s K coefficient is 


defined as: 
S,-S, 
K = (10) ae 
(=) 


with S, = 5 (fz x:) and S, = & (fz x*s), where f, is the number of words appearing 


x: times. If m is the number of different words in a transcript and N is the total 
number of occurrences, i.e., the length of the transcript, then, for each of the n distinct 
words, the quantity x:/N gives the relative frequency of use of that word. The quantity 
K is linearly related to the squared coefficient of variation of these n relative frequencies 
x:/N. Table 4 provides the relevant information separately for lexical and function 
items. In Table 5 further information is to be found on diversification in use of 
function items. 

Sequential Dependencies in Form-Class Usage. In considering first-order sequential 
dependencies among form classes, two distinct sets of relative frequencies may be 
reported. Given the occurrence of an item in a reference form class, say form class A, 
(i) we may determine the relative frequency with which such an item is followed by 
items of every form class or (ii) we may determine the relative frequency with which 
such an item is preceded by items of every form class. Since items from the various 
form classes do not occur equally often, (i) the relative frequency with which items 
from form class B follow items from form class A is not generally equal to (ii) the 
relative frequency with which items from form class A precede items from form 
class B. In the one case total number of occurrences of A form the reference basis 
of the relative frequencies, while in the second case B is the reference form class. In 
Table 6 appears the control range of relative frequencies with which items from each 
(reference) form class are followed by items from each form class. Table 7 shows the 
control range of relative frequencies with which items from each (reference) form 
class are preceded by items from each form class. The starred cells indicate the three 
form classes which most commonly follow (or precede) the occurrence of a member of 
a given class. For aphasic transcripts, then, one may examine departures from normal 
sequencing for all categories, or just for the categories most likely in the immediate 
environment of a member of a particular form class. 

It should be noted that subjects with similar base frequencies of occurrence of 
different form classes (or with similar departures from normal in these frequencies) can 
have different patterns of digram frequencies. However, subjects with differing base 
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TABLE 5 

7 (1) (2) (3) (4) 
101 25 35 29 64 
102 8 ll— 6— 17- 
103 24 34 18 — $2— 
104 22 24- 23 57 
105 25 31— 21- $2— 
106 25 32 31 63 
107 22 30— 33+ 63 
108 25 35 31 66 
109 23 27- 27 54— 
110 24 29— 30 59 
111 10 17— 7- 24- 
112 25 41 32+ 73 
CONTROL SUBJECTS : 
Mean 39.2 27.5 66.7 
Range: Middle 10 32—48 23-31 57 —76 


(1) No. of different syntactic items (other) among 25 items used by 10 or more of control 
subjects. 

(2) No. of different syntactic items (other). 
(3) No. of different pronouns used. 
(4) Total No. of different function words used (pronouns and other). 

+ above control range 

— below control range 

Diversity in use of syntactic items. 


TABLE 6 
PAUSE/ ADJECT./ 
OTHER PERIOD GESTURE ADVERB NOUN VERB PRONOUN 
OTHER 195-278* 000-007 021-122 113-228 212-329* 022-065 112-247* 
PERIOD 071-304 000-000 123-613 052-129 009-032 009-090 123-358 


PAUSE/ 
GESTURE 143-275 001-024 036-228 109-204 022-110 071-145 162-353 
ADJECT./ 


ADVERB 125-186 014-056 014-079 172-253* 255-302*  127-184* 064-142 
NOUN 256-418* 024-136 021-238* 082-150 066-156 127-174* 074-128 
VERB 221-290* 016-042 019-058 224-292* 022-043 242-295* 057-135 


PRONOUN 058-107* 021-047 017-059 045-082 001-011 614-712* 058-171* 


* The three form classes which most commonly follow occurrences of each (row) class. 
(Decimal points are omitted from all entries.) 


Relative frequency with which item from given (row) form class is followed by item from 
each (column) form class—range of middle 10 control subjects. 
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TABLE 7 
PAUSE/ ADJECT./ 

OTHER PERIOD GESTURE ADVERB NOUN VERB PRONOUN 
OTHER 195-278* 000-036 103-210 205-292*  384-492* 024-055 223-319* 
PERIOD 002-058 000-000 063-337 008-024 002-006 002-009 021-152 
PAUSE/ 
GESTURE 025-139 000-057 100-281 029-092 011-066 012-075 086-176* 
ADJECT./ 
ADVERB 119-154 112-239 080-177 184-272* 281-422* 112-150* 080-174 
NOUN 180-279* 195-536 088-223 046-101 066-156* 063-149 051-149 
VERB 210-305* 122-230 083-147 278-342* 033-069 242-295*  099-210* 


PRONOUN 037-068 084-415 025-082 025-067 000-009 367-451* 058-171 


* The three form classes which most commonly precede occurrences of each (column) class. 
(Decimal points are omitted from all entries.) 


Relative frequency with which item from given (column) form class is preceded by item from 
each (row) form class—range of middle 10 control subjects. 


frequencies are expected to display differences in sequential or digram frequencies. 
It is obvious that the above consideration will make for difficulty in interpreting 
differences in digram frequencies when there are also differences in base frequencies 
of form-class usage. Another consideration that tends to make for difficulty in inter- 
pretation of these results also should be mentioned. Given that the relative frequencies 
(or probabilities) for an aphasic patient fall outside the normal range for a number of 
cells, it is difficult to know how to summarize these differences ; the same problem 
arises where attempts are made to assess the similarity between patients in departure 
from the control data. The problem is aggravated since departures are not independent, 
within a row in Table 6 and within a column in Table 7. The substantive interpretation 
in psychological terms of departures from the normal sequencing of language would 
appear to be a formidable task. 

Examples of the data on departures from normal sequencing are to be found in 
Tables 8a and 8b.° 

Table 9 provides information on the extent of the departures from normal usage in 
terms of the number of divergent cells for each patient for all transitions, and for the 
three most common transitions for each form class. (Here the Period and Pause/ 
Gesture categories are not considered as reference categories but only as environmental 
categories for the other form classes.) 

Further information as to the locus of deviations from normal sequencing may be 
found in Table 10, where appear the categories for which transition frequencies show 
the largest number of departures from control usage. 


3 The complete data on departures from normal sequencing, for all aphasic patients, may be 
obtained from the authors. 
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TABLE 8a 
PAUSE/ ADJECT./ 
OTHER PERIOD GESTURE ADVERB NOUN VERB PRONOUN 
OTHER 0 0 ++ 0 0 -— - 
PERIOD 0 0 ++ 0 - 0 
PAUSE/ 
GESTURE - 0 ++ 0 + a -- 
ADJECT./ 
ADVERB 0 0 ++ 0 —- 0 
NOUN 0 ++ 0 0 0 0 — 
VERB 0 0 ++ 0 ~ -- — 
PRONOUN -- 0 0 - - ++ -— 


++ = above control range 
+ = at upper border control range 
0 = within control range 
— = at lower border control range 


= below control range 


Record No. 103: Departures from normal sequencing of speech (for relative frequencies 
of different form classes following appearance of item from given form class, read across 
rows). 


TABLE 8b 
PAUSE/ ADJECT./ 
OTHER PERIOD GESTURE ADVERB NOUN VERB PRONOUN 

OTHER 0 0 0 0 0 — 0 
PERIOD 0 0 0 ++ 0 - 0 
PAUSE/ 
GESTURE 0 0 0 ++ ++ + + ++ 
ADJECT. / 
ADVERB 0 -_— ++ 0 0 = ++ 
NOUN 0 ++ - 0 ~ 0 0 
VERB 0 0 ++ -- -- -- 0 
PRONOUN -- - = 0 = 0 0 
++ = above control range 

+ = at upper border control range 

0 = within control range 


— = at lower border control range 
— = below control range 


Record No. 103: Departures from normal sequencing of speech (for relative frequencies 
of different form classes, preceding appearance of item from given form class, read down 
columns). 
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TABLE 9 
A-FOLLOWING GIVEN B-PRECEDING GIVEN 
FORM CLASS FORM CLASS A+B A+B 

(1) (2) (1) (2) (1) (2) 
Ss Max.=35 Max. =15 Max.=35 Max. =15 Max.=70 Max. = 30 
101 4 1 5 1 9 2 
102 21 12 21 8 42 20 
103 10 5 ll 2 21 7 
104 12 7 13 9 25 16 
105 5 3 2 2 7 5 
106 10 6 10 7 20 13 
107 13 6 16 9 29 15 
108 7 3 6 2 13 5 
109 6 3 4 3 10 6 
110 10 5 ll 7 21 12 
111 28 12 22 10 50 22 
112 1 1 2 0 3 1 


(1) — all divergences. 
(2) — divergences among the three most likely transitions for each form class. 


(Period, pause/gesture categories omitted as reference categories, 
kept as environmental categories). 
Transition relative frequencies : total number of divergent cells. 


Ratings by Linguist. Having read the transcripts of the aphasic patients, a linguist 
judged them with regard to their similarity to each other and the nature of the 
departures from normal, the extent to which divergencies were of a semantic kind 
(difficulties in word selection), or a syntactic kind (disruptions of the grammatical 
matrix of language), or of a pragmatic sort (where disruption of the integrative 
processes in language formulation leads to speech which conveys no meaning even 
though syntactic structure is largely retained). The linguist’s judgments of the aphasic 
records are schematically shown in the spatial model of Figure 1.‘ For discussion of 
the semantic, syntactic, and pragmatic processes, see Wepman, Jones, Bock, and 
Van Pelt (1960). 


DISCUSSION OF RESULTS 


Departure of Aphasic Records from Normal. 

It is clear that in various ways the speech of nine of the twelve aphasic patients is 
noticeably different from normal (all except Subjects Nos. 101, 105, and 112). For 
each form class at least half of these nine transcripts diverge from normal in terms 
of frequency of usage (Table 3). Eight show greater than normal concentration in 


*We are grateful to Mr. Morris F. Goodman, University of North Carolina, for judging these 
transcripts. 
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TABLE 10 

FOLLOWING GIVEN FORM PRECEDING GIVEN FORM 

s CLASS CLASS BOTH 

101 None Adj/Adv 3 None 

102 Other 5, Adj/Adv 5, Other 4, Adj/Adv 6, Other, Adj/Adv, 
Noun 4, Verb 4, Pro 3 Noun 4, Verb 5 Noun, Verb 

103 Pro 3 Pro 3, Adj/Adv 3 Pro 

104 Adj/Adv 4, Verb 4 Other 5, Adj/Adv 4 Adj / Adv 

105 None None None 

106 Other 3, Adj/Adv 4, Adj/Adv 4, Verb 3 Adj/Adv, Verb* 
Verb 3 

107 Adj/Adv 4, Verb 4 Adj/Adv 4, Noun 4, Adj/Adv, Verb* 

Verb 4 

108 Noun 3 Adj/Adv 3 None 

109 Other 3 None None 

110 Noun 3, Verb 4 Verb 5 Verb 

111 Other 6, Adj/Adv 6, Other 5, Adj/Adv 6, Other, Adj/Adv, 
Noun 3, Verb 6, Pro 7 Noun 3, Verb 5, Pro 4 Noun, Verb, Pro 

112 None None None 


(Period, pause/gesture omitted as reference categories). 


* The fact that two records show that particular categories Carry a heavy share of departure 
Pi 
from normal does not indicate that these departures are in the same direction. 


Transition relative frequencies : form classes with three or more transition relative frequencies 
outside normal range. 


use of lexical items (Table 4). Four depart from the control range in terms of 
concentration of use of function items (Table 4). Considering the matrices of transition 
relative frequencies for these nine subjects, the number of cells which depart from 
the normal varies from 10 to 50, where total number of cells is 70 (Table 9). To cite 
one further instance (from Table 10), there is no form class whose immediate environ- 
ment is not considerably changed in one or another of these records. 

It might be noted from Table 3 that there is indication of a substitutive relation 
between Pause and Gesture—with the exception of Subjects 102 and 111, patients 
over-using one will tend not to over-use the other and vice versa—and that for most 
of the aphasic patients, items from these categories occur frequently (more than for 
the normal subjects). They occur particularly in encoding immediately after frequent, 
low-informational syntactic items and preceding difficult semantic choices of high 
informational value. There are some data (Osgood, 1957) which indicate that for 
normal individuals both filled and unfilled pauses “tend to occur just after simple 
form class words . . . and just before lexical items”; such an effect seems to be 
exaggerated for aphasics. 

At this point a caveat with regard to the control data is both appropriate and 
necessary. Inspection of Tables 1 and 2 shows that on some selection variables the 
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Pragmatic Syntactic 
102 





Normal 


301 104 
105 


109 





Semantic 


Fig. 1. Characterization of aphasic transcripts by a linguist—classification with reference to 
semantic, syntactic, and pragmatic difficulties. 


controls differ from the asphasics (e.g., half the control subjects are women and only 
one of the aphasic patients is a woman) and that the control subjects were systematically 
selected in terms of educational level, age, and sex. This suggests that for some 
purposes contrasts between aphasics and only certain control subjects might have 
been appropriate (though this would have meant a base comparison level defined in 
terms of very few control subjects indeed). Since no systematic differences are 
apparent, related to sex or age of control subjects, it may safely be judged that con- 
trasts between aphasic patients and the control group are of such magnitude as to 
transcend the relatively more subtle differences among normals.° 


Similarities among Aphasic Records in Departure from Normal. 
We now turn to a somewhat different question, namely the extent to which we 
can identify sub-groups of aphasic patients in terms of departure of speech character- 


5 Analysis of the 12 normal transcripts does suggest slight differences related to educational 
background of subjects. Those subjects who failed to complete high school tend to differ from 
better educated subjects in their increased use of pauses and pronouns, their decreased use of 
“ other,” syntactic, words. 
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istics from those of the normal sample with regard to stereotypy in vocabulary, form- 
class usage, and sequential dependencies in form-class usage. A number of records, 
those of patients Nos. 101, 105, and 112, show little departure from normal usage, 
a number of records, those of patients Nos. 107, 109, and 110, give evidence 
particularly of semantic difficulties in word selection, while records Nos. 102 and 111 
evidence syntactic losses with difficulties especially in the arrangement and sequencing 
of speech. The remaining records show a variety of difficulties and do not closely 
resemble each other or the records mentioned above. 

Records Nos. 101, 105, and 112 do not differ very much from normal, and are 
not very different from each other. With regard to these patients the findings may be 
interpreted as indicating either that, in fact, the speech of these persons has only been 
little impaired, or that our measures are insensitive to the kind of damage involved. 
A reading of these transcripts (and the judgments of a linguist based on such a reading) 
suggests that the former is the more plausible alternative, at least for records Nos. 101 
and 105, and therefore these records’ will not be considered further. 

In a number of ways records Nos. 102 and 111 resemble each other. Both are very 
short and exhibit over-use of pauses and gestures. After omitting occurrences of 
periods, pauses, and gestures, the adjusted relative frequencies of use of Adjective and 
Noun categories are exceptionally high for both records. In each case there is over- 
concentration in use of both lexical and function forms (these are the only records 
with over-concentration in both lexical and function items) and very few different 
syntactic items are available® ; both records show many divergences from normal with 
respect to digram frequencies, the environment of almost every form class being 
severely disturbed. Yet in some ways the records differ. In terms of adjusted relative 
frequencies (omitting Period, Pause and Gesture categories), No. 102 under-uses 
syntactic items and over-uses pronouns while No. 111 tends to under-use pronouns and 
to Over-use syntactic items ; and as noted before, there are considerable differences in 
regard to between-form-class transitional frequencies. In terms of the severe disruptions 
of the transition frequencies, of the paucity in number of different function items, 
the relative over-use of nouns, and the meagre length of the transcripts, that which is 
common to the disorders of these two might be specified as a contiguity or arrangement 
defect, primarily affecting syntactic sequencing processes (see Jakobson and Halle, 
1956 ; also Wepman, Van Pelt, Jones, and Bock, 1956). 

Records Nos. 107 and 110 (and to a lesser degree No. 109) are similar in their 
departure from normal: these records are rather long; the patients under-use the 
syntactic words (falling in the Other category), under-use adjectives and nouns, and 
Over-use pronouns and adverbs ; they show greater than normal concentration for 
lexical but not for function items ; they show considerable departure from normal 
with regard to transition frequencies and display disruptions in the environment of a 
number of form classes, in particular the environment for verbs. Still, there remain 
some differences between the two with regard to transition frequencies and the form 


§ Of the 25 most common Other items used by 10 or more of the control subjects, 102 uses only 
8, and 111 only 10, while no other aphasic patient uses less than 22 of these items (Table 6). 
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classes whose environment is most disturbed, e.g., the environment for modifiers is 
much more disturbed in record No. 107 than in No. 110. On a variety of grounds one 
might regard these patients as suffering primarily from semantic, selection difficulties : 
diversification in use of lexical items is less than normal, with under-use of nouns and 
adjectives, the more specific, less frequent, high-informational, lexical items, and with 
substitutive over-use of pronouns, which, of course are words of high expected 
frequency in normal speech. With respect to these characteristics, the protocols 
resemble the illustrative case of a semantic aphasic presented previously (Wepman, 
et al., 1956). However, this is clearly only a partial account, since these patients also 
show losses of syntactic items (under-use of the Other category), and at least some of 
the considerable departure from normal with regard to transition probabilities may be 
attributed to such syntactic losses and difficulties in the sequencing or arrangement of 
words. 

A somewhat different interpretation is also possible for patients 107 and 110. 
Syntactic items must be learned individually in an intra-linguistic fashion and are not 
generally mutually substitutive. If items which have few or no synonyms or adequate 
alternatives are regarded as “ specific” items, then under-use of the Noun category 
and of the Other category may both be viewed as indicating losses in “ specific ” items, 
and difficulties in arrangement and changes in transition probabilities may be seen as 
consequences of a scarcity of items that provide the frame for the longer more 
complicated grammatical constructions. 

The remaining aphasic transcripts seem to closely resemble neither each other nor 
the ones already discussed. 

Record No. 103 is short, involves much use of pauses and vocal gestures, and 
shows no departure from normal with regard to relative frequency of form-class usage, 
after omission of Period, Pause and Gesture categories. There is some over-concen- 
tration in use of lexical but not of function items, and evidence of restriction in the 
number of different pronouns available ; a considerable number of transition relative 
frequencies depart from normal, and the environment of the Pronoun class is particu- 
larly disturbed. A reading of this transcript reveals that it makes sense, that this 
patient does communicate fairly adequately but that there are considerable word- 
finding difficulties. More often than not the word eventually is found but only after 
considerable hesitation. This behaviour is consistent with the patient’s over-use of 
the Pause and Vocal Gesture category, which is particularly evident after syntactic and 
before lexical items, i.e., at points of much uncertainty where difficult semantic 
choices or selections must be made. However, there is also considerable hesitation 
before the occurrence of pronouns. Perhaps this patient when faced with a difficult 
semantic noun choice solves the problem, after hesitation, by use of a more common 
pronoun. There is some over-concentration in use of lexical items, and this too might 
be regarded as evidence of difficulty in word selection. 

Record No. 104 is short with considerable evidence of hesitation. There is some 
over-use of the Adverb class and some under-use of nouns and syntactic items ; there 
is over-concentration in the use of lexical but not of function items ; a large number of 
transition probabilities depart from normal and the environment of a number of form 
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classes is disturbed, the environment for modifiers being most severely affected. 
Inspection of the transcript shows considerable use of unfinished constructions, which 
might be correct if completed, and between-phrase discontinuity of two kinds: dis- 
continuity because of a lack of proper syntactic connective items, and discontinuity 
because of the insertion of phrases having little referential content which are inter- 
spersed between the phrases carrying the communication, as though the patient were 
suffering from difficulties in word and phrase finding. It appears that a number of 
difficulties are involved—there are contiguity difficulties in word sequencing and there 
are difficulties in selection of the more specific informational items. To some extent 
the semantic selection difficulties are reflected in a tendency toward under-use of nouns 
and over-concentration in use of lexical items. To some extent the sequencing 
difficulties are reflected in the departure of transition frequencies from normal and in 
frequent hesitation ; however, these measures can hardly be said to reflect just these 
difficulties, and it is not at all clear how any measure or combination of these measures 
reveals the difficulties in phrase finding. 


The transcript of patient No. 106 is long. There is some under-use of adjectives and 
syntactic items together with greater than normal diversification in the function items 
used. Yet there is greater than normal concentration in use of lexical items. Many of 
the transition probabilities depart from normal and the environment of a number of 
form classes, particularly that for modifiers and verbs, is considerably disturbed (being 
altered in ways different from the disturbances in the case of No. 107). Even on a 
very careful reading it is difficult to make much sense of this transcript. The ratings 
of the linguist indicate speech grossly disturbed, with losses primarily of a pragmatic 
sort. 


The speech of No. 106 differs from normal and the other records in a number of 
respects, viz., the under-use of syntactic items in conjunction with over-diversification 
of those function items used and over-concentration in lexical items. From a subjective 
assessment of the transcript, such disturbances are not totally unanticipated. For, in 
speech of this sort, there may be much discontinuity at “ phrase” boundaries, and if 
phrases are short there should be considerable departure from normal with regard to 
transition probabilities ; also, if there is discontinuity between phrases the syntactic 
items connecting these may be used relatively promiscuously, unselectively, and 
therefore more equally, resulting in a relative over-diversification in use of function 
items. 


The transcript of patient No. 108 is somewhat lengthy, with considerable use of 
vocal gestures. There is some tendency to over-use adverbs and to under-use syntactic 
items ; there is somewhat greater than normal diversity in use of function items, and 
while some of the transition frequencies depart from normal, these departures are less 
extensive than those for most of the other patients, and there are relatively few severe 
disruptions of the environment for any form class. Inspection of the transcript reveals 
difficulty in word finding and, perhaps more important, considerable discontinuity at 
the phrase level with much intrusion of material that stands in no obvious sensible 
relation to the text that comes before it or after it, losses of a sort that we have called 
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pragmatic. It is apparent that the measures obtained are not very sensitive to such 
losses. This point is illustrated again by the fact that transcript No. 112, which in 
terms of these measures falls in the cluster very close to normal, also shows evidence 
of pragmatic difficulties, though perhaps to a lesser extent. (As may be recalled, the 
linguist judged records Nos. 108 and 112 to be close together, noting difficulties of 
a pragmatic kind.) 

It is of interest to note some points of agreement and disagreement between Figure 1, 
representing a linguist’s ratings of the various aphasic protocols, and the findings 
presented above. As to points of agreement: records Nos. 101 and 105 are seen as 
falling fairly close together and closest to normal ; No. 112 is not too far removed from 
these, and not too far from the origin ; No. 102 and No. 111 are seen as falling fairly 
close together and quite removed from normal with divergences particularly of a 
syntactic sort; Nos. 107 and 110 fall closest together, considerably removed from 
normal with semantic losses (see the data on under-use of nouns and over-use of 
pronouns by these patients) ; and No. 106 is seen as very far from the origin, and far 
from almost all the other records. As to points of partial disagreement: while Nos. 
104 and 108 differ considerably in their placement on Figure 1, these patients are 
rather alike in form-class usage although they do differ considerably in transition 
probabilities ; No. 103 is rather different from Nos. 101, 105, and 112 in Figure 1, 
which is not consistent with the similarity in form-class usage after omission of Period, 
Pause and Gesture categories although it is compatible with the transition-frequency 
data which show this record rather distinct from Nos. 107 and 110. 

The commentary on the various aphasic subjects presented above must make it 
obvious that, characteristically, a patient’s speech will be found to suffer not from 
just one sort of loss or difficulty, but rather from a variety of difficulties, some of the 
functions important in express:on of language being more disrupted than others. While 
it is clear that the measures obtained do not tap all the determiners of adequate 
speech, and that no measure stands in unique one-to-one relation to some particular 
underlying function, the measures do seem to reflect difficulties in the word-selection 
and sequencing processes (sometimes called similarity and contiguity disorders), 
processes which constitute some of the necessary conditions for adequate speech. 


SUGGESTIONS FOR FURTHER RESEARCH 


None of the measures used in this study seems particularly valuable as an index of 
pragmatic difficulties, nor does the use of information analysis, or analysis of frequency 
of word usage seem very promising, since in an earlier paper (Van Pelt, et al., 1958) 
these measures did not sharply differentiate an extreme pragmatic case from a normal 
control. It is possible that the unit of analysis employed in this paper is inappropriate 
for detection of pragmatic disturbances. Analysis of speech at the phrase level may 
become necessary to examine the connections between the semantic content of adjacent 
phrases and the appropriateness of the semantic content of any one phrase to the 
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ostensible subject matter of the discourse, or to the circumstances provoking speech. 
Use of the “ cloze ” technique (Taylor, 1953) for reconstructing mutilated utterances 
might yield something of interest ; for example, deletion of every third or fourth item 
of high semantic value (noun or verb, for example) should make the transcript of an 
aphasic patient who suffers from pragmatic difficulties particularly hard to reconstruct, 
for in this case there will be little redundancy to help the judge in attaining even the 
general semantic region of the missing items. A low reconstruction score resulting from 
this procedure, together with relatively normal scores on measures of the sort discussed 
in this paper might be diagnostic of pragmatic difficulties. Another possible approach 
might involve the use of more structured test situations requiring of the patient verbal 
and non-verbal plans of different complexity and scope. Evaluation of patients’ per- 
formance on such tasks might serve to distinguish various sorts of speech disturbances. 
In this regard, and more generally also, it would be essential to obtain both free-speech 
data and data on performance in such a series of tasks from the same set of patients. 

An experimental test approach might also be of use in clarifying some issues in 
the interpretation of difficulties in word arrangement (contiguity disorder). One 
possible explanation of this disorder is that with difficulties in sequencing there will be 
a loss in use of most complex grammatical constructions, with consequent under-use of 
the syntactic items that provide the frame for such constructions. In this paper the 
poss.bility has been raised that the primary loss may be one of syntactic, intralinguis- 
tically acquired, items ; once these are lost the use of any elaborate grammatical con- 
struction necessarily becomes impossible for the patient. An experimental situation 
might be designed to provide syntactic items to patients whose free speech shows 
syntactic loss, requiring them to use these items in building sentences. The subjects’ 
performance might provide pertinent information which would permit some choice 
between the interpretations offered above. 


CONCLUSIONS 


A number of measures generally descriptive of language which at the same time may 
be sensitive to various sorts of damage to speech were used to assess some features of 
the free speech of twelve aphasic patients, the transcripts of these patients, elicited by 
TAT cards, being compared with those of twelve control subjects. In the main, three 
aspects of speech were examined: the distribution of words according to their gram- 
matical function (form-class usage), sequential dependencies in form-class usage, and 
stereotypy in vocabulary. 

In terms of the measures obtained, eight or nine of the aphasic records departed 
considerably from normal usage. Inspection revealed similarity among some patients 
in their pattern of divergence from normal. Some records showed particularly severe 
difficulty in word selection, other records revealed impairment especially in the 
arrangement and sequencing of speech with considerable syntactic losses. However, 
it was clear that, characteristically, a record showed not just one sort of loss, but rather 
a number of different kinds of departures from normal. 
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The measures used do appear to be of value in revealing semantic difficulties in 
word selection, and difficulties in the sequencing of speech that occur along with 
syntactic losses. The measures do not seem of much value in detecting what have 
been called pragmatic losses, in which case speech is almost incomprehensible because 
of discontinuity between successive phrases which have little semantic relation to each 
other. To detect such losses, analysis at a phrase level rather than the word level used 
in this study may be necessary. 

Some suggestions for further study were made and, in particular, stress was placed 
on the advisability of obtaining both free-speech data and experimental test data for 
each aphasic patient. 
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LISTENER COMPREHENSION OF SPEAKERS 
OF THREE STATUS GROUPS* 


L. S. HaRMs 
Louisiana State University 


Listeners of three statuses attempt to reconstruct spoken messages of speakers of 
three statuses. Speakers of high status were most comprehensible. However, listeners 
achieved highest relative comprehension when speaker and listener status coincided. 


INTRODUCTION 


Ways of talking, speech patterns, or more exactly, status dialects, are thought 
to develop through social group membership. Bloomfield (1933) insists that a 
speaker talks more like those people he talks with most frequently and less 
like those individuals he talks with least frequently. 

Putnam and O’Hern (1955) demonstrated that untrained listeners are able to 
identify the social status of a speaker from voice recordings. These listener identifica- 
tions correlated 0.80 with the Warner Index of Status Characteristics which yields 
scores based on a weighted assessment of the factors of sources of income, value 
of home, education and occupation. Ladefoged and Broadbent (1957) report that 
subjects of different social groups achieved different scores on a word identification 
test. 

Spencer (1957) suggests that it is at “. . . those points where linguistic phenomena 
most closely impinge or appear to form an integral part of general human behaviour 
that studies of language are most needed today.” The present study attempts to 
determine the effect of status features in speech on the comprehension of a spoken 
message. 


PROCEDURE 


Nine speakers were employed in this study. They were male, between 30 and 
50 years of age. They had lived in Ohio or a bordering state during their youth 
and had lived in this area most of their adult lives. 

Each speaker recorded a short “advice giving” narrative. In a pre-recording 
interview, the speaker was asked to name one magazine, one newspaper, and one 


* Based, in part, on a Ph.D. dissertation directed by Franklin H. Knower at The Ohio State 
University. 
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television show he thought a young boy of twelve years should know about. These 
titles were written on a card and returned to the speaker for his reference while 
making the recording. The speaker was then instructed to “pretend” that he 
was advising a twelve year old boy to read the suggested newspaper and magazine 
and to watch the television show. The speaker was asked to talk “ conversationally ” 
for two minutes. With no further rehearsal or instruction, the recording was made. 
All speakers talked for about two minutes and produced between 150 and 300 
words. 

The recordings were prepared for the Cloze P-acedure test of listener comprehension. 
The literature suggested (Taylor, 1953, 1956) and pilot studies supported the view 
that 100 word samples were sufficient for experimental purposes. All recorded 
speech samples were edited to between 100 and 115 words. Editing was performed 
by cutting out selected complete “sentences” which did not destroy continuity of 
the narrative. All edited samples, in terms of context, contained mention of one 
magazine, one newspaper and one television show. 

After the editing, 10 trained judges of oral style heard both the unedited and 
edited recordings. They were asked to judge the degree to which the style had 
been preserved in the editing process. On a nine point scale, where 1 equalled 
“ style preserved ” and 9 equalled “ style distorted”, an average mean of 1.8 with 
standard deviations ranging from 0.46 to 1.17 was found. It was concluded that 
style represented in the edited version of the sample was adequate for the purpose 
of this study. 

The edited speech samples were then copied from the recording and printed 
forms were prepared. On these forms every fifth word was replaced by a twelve 
space line. This line served as the write-in blank which the listener filled in or 
“clozed ”. Each of the nine forms contained twenty write-in blanks. One of the 
forms used in the study is shown below. 


think the first thing..__ 


might look at is__ttt___New Yorker. Begin 
with____mcartoons because they are____. 
And, then, I think_____second thing to look 


is some straight reporting... __$»_— 
like the accounts of___._ breaks and shop- 











lifting, .___that sort of thing. 

finally, the fiction—though___. find that the 

least______part of the New. altogether. 

As for a__t_.._ —there’s only one good_____ 
and that’s the New_______ Times. The 


only television.mmI look at practically 
______ Playhouse 90, and it_____me as 
being better than a lot of other TV programmes just 
because it’s longer. 


Immediately after hearing a recording, the listener was given the appropriate 
form to complete, or 


“ J 


cloze.” The listener’s task was to write-in the exact word 





ee 





~~~» * 
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the speaker had used during the recording. Only the exact word the speaker had 
used was considered acceptable for scoring purposes. 

Both listeners and speakers were classed into status groupings by use of the 
Hollingshead Two Factor Index of Status Position (1957). The two factors were 
education and occupation. This simplified index correlates highly with other more 
complex instruments employing difficult to assess variables such as value of home, 
and total source of income. 

The listening task was completed wherever groups of five to ten listeners could 
be assembled. Fire houses, living rooms, and church basements are typical of the 
listening environments. Only responses from those listeners indicating they clearly 
heard the recordings were retained in this study. 

Each listener heard three speakers of which one was high status (HS), one middle 
status (MS) and one low status (LS). Each speaker was heard by 60 listeners of 
which 20 were HS, 20 were MS, and 20 were LS. Thus, a total of 1290 word 
write-ins were obtained for each speaker. The 180 listeners were selected from the 
non-college population. They were mainly employed adults and housewives. 

In general, HS listeners made fewest errors, LS listeners made most errors. 
However, it was the frequency of errors a listener of a given status group obtained 
after hearing speakers of different statuses that appeared to yield the greatest 
information. Correspondingly, rank of errors was used as the measure. For instance, 
if a HS listener in “ clozing” the blanks for the HS speaker made three errors, 
for the MS speaker five errors, and for the LS speaker eight errors, the HS speaker 
was assigned rank 1, the MS rank 2, and the LS rank 3. No ties were permitted. 
In this manner, the data presented in Table 1 were obtained. 

Data were punched on IBM cards and processed at The Ohio State University 
Research Center on an IBM 650 computer. 


RESULTS AND DISCUSSION 
Two trends in the data emerge when the results are considered. First, as illustrated 


in Table 1, HS speakers were the more comprehensible. Second, listeners hearing a 
speaker of their own status comprehended this speaker more readily than did listeners 


TABLE 1 


MEAN RANK OF ERRORS 


Listeners Speakers 

HS MS LS 
HS 1.50 1.90 2.60 
MS 1.65 1.55 2.80 


LS 1.85 1.83 2.32 








112 Listener Comprehension of Speakers of Three Status Groups 


TABLE 2 


MEAN RANK OF ERRORS 


Speakers 
HS MS LS 
Speaker and 
Listener Status 1.50 1.55 2.32 
Coincide 
Speaker and 
Listener Status 1.75 1.87 2.70 | 


do not Coincide 


of other statuses. The first of these trends relates to the speaker and his way of 
talking. The second relates to the listener and his relative success in listening 
to speakers of different status backgrounds. These results may be interpreted as 
indicating that some ways of talking are more comprehensible than others, while 
skill in listening is related to the listener’s social status. 

The expected results were that when speaker and listener status coincided, highest 
comprehensibility would result. Considered from the listener’s point of view, 
this did occur, as shown in Table 2. Listeners hearing a speaker of their own status 
achieved higher comprehensibility than when speaker-listener status did not coincide. 
This finding was predicted by Bloomfield’s descriptive analysis and Cloze Procedure 
rationale. 


SUMMARY AND CONCLUSIONS 


180 listeners of varying statuses heard short recorded messages produced by nine 
speakers of different status backgrounds. Short speech samples were mutilated 
according to Cloze Procedure technique. From listener attempts to reconstruct the 
original speaker message, the following conclusions are framed. 

1. Speakers of high status are, on the average, more comprehensible. 

2. Listeners more successfully comprehend speakers of their own status than 
do listeners of other statuses. 
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CONGENITAL LANGUAGE DISABILITY AS A STUDY 
MODEL OF EVOLUTION IN COMMUNICATION* 


GODFREY E. ARNOLD** 
New York 


The relation between various forms of congenital language disability and laterality 
are reviewed in detail and the problem of cerebral dominance in man and its 
influence on linguistic activity is considered. The relevance of results with delayed 
auditory feed-back to such problems is discussed and the theory is presented that 
language disorders are the result of deficient homeostasis. 


DEFINITION 


The complex problems of familial or developmental language disability have lately 
attracted much interest. Many authors feel (see Arnold, 1960) that the developmental 
language disorders are related to congenital aphasia, a term rejected by others for 
semantic reasons. To avoid this criticism, Wood (1959) selected a conservative 
definition : Language disorder is the inability of a child to use symbols for com- 
municative purposes, resulting from injury to, or lack of development of the 
cortex. If we follow this definition, we may say that congenital language disability 
retards the development of the capacity to use symbols and their syntactic combinations 
for communication. 

There is substantial evidence for the assumption that congenital language disability 
represents a familial, constitutional, and hereditary disability. In several papers 
Eustis (1947) described the hereditary syndrome of congenital dyspraxia, familial 
sinistrality, and congenital language disability with specific dyslexia and tachyphemia 
(cluttered speech). Thus, congenital or specific language disability is a special form 
within the general group of language disorders. Though being related to the other 
aphasiform types of delayed language development, it differs from the pre-, intra-, 
or post-natally acquired aphasias in many respects. Hence, we must distinguish two 
main types or forms of language disorder: (1) Specific or congenital language disability 


* From the Diagnostic Services (G. E. Arnold, M.D., Clinical Director) of the National 
Hospital for Speech Disorders in New York (Lynwood Heaver, M. D., Director). This 
Study was aided by a Research Grant from the Wenner-Gren Foundation of New York. 


** Director of Research, Section of Otolaryngology, New York Eye and Ear Infirmary. 
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as a familial, hereditary and idiopathic syndrome ; and (2) Symptomatic or acquired 
language disorder resulting from any brain lesion before, during, or after birth, 
such as in infantile aphasia due to some paratypical pathogenic cause (malformation, 
trauma, infection, etc.). 

Hereditary transmission of general language disability manifests itself by the familial 
occurrence of language disorders in various combinations : delayed onset of speech 
development (prolonged alalia), articulatory disorders (infantile dyslalia), delayed 
acquisition of grammar and syntax (dysgrammatism), reading and writing disability 
(dyslexia and dysgraphia), often associated with delayed psycho-motor maturation 
(congenital dyspraxia), retarded differentiation of lateral dominance (familial sinistrality), 
and other signs of delayed neural maturation. All observers agree that each of these 
developmental language disorders is about four times more frequent in the male 
sex than among females. This is another indication of their constitutional etiology. 
Further evidence for the genetic nature of these familial syndromes of delayed 
rsychosomatic maturation will be discussed under the headings of these categories. 

As is well-known since the first contributions to speech pathology (see Arnold, 
1960), congenital or specific language disability comprises a chronological sequence 
of developmental disorders of language and speech. Thus, a physically normal three- 
year-old child may first be brought for evaluation of his delayed speech development 
(prolonged alalia). In view of the general immaturity of such children, we reassure 
the parents with appropriate counselling and advise their return after the lapse of a 
year. Upon the child’s second visit at the age of about 4 years, we usually see 
the state of infantile dyslalia in its severe forms (vowel speech, idiolalia, verbal 
dyslalia). Speech therapy is then instituted, and after a further year has gone by 
the child may be seen in the stage of residual dyslalia which affects the motorically 
difficult sounds of /1/, /r/ and the sibilants. Dysgrammatism is frequently present 
and lasts much longer than it does in the physiological forms of infantile speech. 
After formal education has begun, congenital dyslexia and dysgraphia, or specific 
reading and writing disability, interferes with school progress. At the same time, 
the frequent tendency of these children towards rapid and hasty speech (tachylalia) 
begins to create an increasing handicap in oral expression. At the ages around the 
tenth year, the symptom complex of cluttering increases in severity and the children 
are brought back because of their poorly formulated (parephrasic) and carelessly 
articulated (pararthric) speech. During puberty, the hurried confusion of cluttered 
speech usually gets worse and becomes further aggravated by the insecurity of 
adolescent behaviour. For this reason, concerned parents may again seek assistance 
when the fully developed condition of tachyphemia seems to jeopardize higher educa- 
tion. Without proper treatment, cluttering persists throughout life, for it will not 
be outgrown. 


CONGENITAL DYSPRAXIA 


This psycho-motor disability constitutes a developmental lag in the acquisition of 
motor co-ordination. It has been described under various names: developmental 
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apraxia, motor infantilism, habitual clumsiness, developmental awkwardness, delayed 
motor maturation, and the like. Orton (1937) offered the most detailed description 
and mentioned that Galen knew the condition, writing that some children are 
ambilevous, that is doubly left-handed. This immaturity in psycho-motor development 
and its familial occurrence in close association with congenital language disability 
has been analyzed by many authors. In particular, the awkward posture and gawky 
motor performance of the cluttering adolescent has been regularly commented on. 

Clinically, the syndrome of congenital dyspraxia appears in the following symptoms 
or anamnestic data: (1) Late motor maturation with delayed ability to sit, stand, 
walk, hop, climb, etc.; (2) Delayed onset of speech development; (3) Unusual 
clumsiness of all motor performances for sports, manual activities, social dances, etc.; 
(4) Late establishment of cerebral dominance and kindred distortions of spatial 
relationships, especially of the lateral directions to right and left. 

According to Karlin’s theories (1958), this syndrome may be related to delayed 
myelinization of the motor neurons. When following such theories further, it does 
not appear unreasonable that their application to an etiological explanation of stuttering 
may actually be valid for the psycho-motor genesis of cluttering and its potential 
complication by stuttering. It follows that the concept of congenital dyspraxia may 
be helpful in the differentiation between the two main types of stuttering, namely 
the idiopathic form with good language ability, and the tachyphemic form on the basis 
of a primary language disability. 

Dyspractic articulation, poorly co-ordinated movements of phonic respiration, and 
a dysrhythmic quality of all somato-motor actions reflect a basic disorder of neuro- 
muscular balance. Seeman (1959) interprets this imbalance as an organic dysfunction 
of extrapyramidal co-ordination which is furthermore complicated by a lack of cortical 
inhibition. Since the regulations of all rhythmical and periodic body functions (heart 
rate, respiration, locomotor patterns, sleep-wake periods, digestion, etc.) take place 
in the thalamic and subthalamic vital centres, it is not surprising that the motor 
elements of speech should be influenced by all states of extrapyramidal function. 
This truism is demonstrated by the well-known pathology of extrapyramidal dysarthria, 
such as occurs in Parkinsonism. In fact, certain extrapyramidal dysarthrias may be 
so similar to cluttering that careful differential diagnosis is always necessary. 


THE PROBLEMS OF LATERAL DOMINANCE 


The influence of left-handedness on the occurrence of developmental language 
disorders and their end stage of cluttering is little understood although many authors 
stress the frequency of this association (see, e.g., Orton, 1937). Since we know 
that familial sinistrality and mixed dominance are undoubtedly associated with con- 
genital word-blindness, particularly with the strephosymbolic form of dyslexia, it would 
be premature to reject a similar correlation with the cluttering language debility. More 
clarity may result from a carefully planned analysis of clinically determined dominance 
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in correctly diagnosed clutterers. However, it seems to us that disturbed dominance 
may be associated only with certain forms of cluttering, namely, in those cases which 
are combined with specific dyslexia. 


The more I read about the mythically tinged problem of lateral dominance, the 
more I get confused by the increasing number of theories encountered. Whenever 
a subject is discussed by first listing a long series of theories and by then adding 
the author’s own theory, we can be sure of the generally limited understanding of 
that subject. Since lateral dominance in the function of brain, hands, feet, eyes, 
and possibly ears, is the only purely human acquisition which has no parallel in 
animals, all related problems, such as language, speech, writing, reading, and pre- 
ferential usage of hands, are discussed by specialists in widely varied fields of 
knowledge. Neurologists, psychiatrists, psychologists, physiologists, pedagogues, 
graphologists, anthropologists, phoneticians, linguists, phoniatrists, pediatricians, 
physiatrists, and even theologians analyze the obscure facts and fancies about handed- 
ness from their specific viewpoints. The resulting conclusions are obviously influenced 
by the additional problem of semantics. 


Although Kainz’s encyclopedic opus (1954-1956) on the psychology of language 
has greatly promoted the clearer understanding of many concepts pertaining to the 
semantic structure of communication in all its ramifications, scientific terminology 
of speech and language pathology is still far from being exact, standardized, and 
generally accepted. Consequently, one encounters a great confusion of concepts, 
terms, and definitions in many contributions to the problems of laterality and language. 
Unfortunately, the concepts of language, speech, writing and reading, and particularly 
the countless possibilities in the derangement of these different functions are used 
with insufficient or even false differentiation. For instance, the fundamentally different 
communication disorders of stuttering dysphemia, cluttering tachyphemia, psychogenic 
mutism, articulatory dyslalia, and specific dyslexia are frequently misinterpreted as 
one single entity of “ developmental speech disorders ”. 


Such misunderstandings are as serious as if someone claimed that all respiratory 
disorders were allergic (which is true for asthma), or infectious (which is true for 
tuberculosis or pneumonia), or cardiac (which is true for cardiac failure), or occupa- 
tional (which is true for silicosis or anthracosis), and so on. Before modern medicine 
had learned the patho-anatomical classification of diseases by etiological agents and 
pathological changes, the symptomatic diagnosis of medieval physicians and surgeons 
relied on intuitive speculations on the magic influences of miasmas, elements, or 
noxious air (hence the name “ malaria” for infection with plasmodium transmitted 
by the anopheles mosquito). 


This, then, is our present dilemma. In spite of many valuable contributions, 
no definite answers are available for the explanation of the origin of manual and 
cerebral dominance in man, its ultimate causes, and its influence on language in 
general. If we try to state the presently accepted facts, we come to the following 
conclusions. 
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DISORDERS OF LANGUAGE AND LATERALITY 


(a) General concepts of laterality have been critically surveyed by Blau (1946). He 
begins with the observation that preferred laterality is a developmental acquisition 
of man. This is shown by phylogenetic evolution from neutral ambi-laterality in 
animals and early man to the general preference for dextrality in homo sapiens. Onto- 
genetic development repeats the same progress of maturation from infantile bilaterality 
to preferential dextrality in about 85 - 90% of all humans. Reflecting neuro-muscular 
maturation, neutral ambilaterality is commonly found among peoples with “ primitive ” 
cultures, notably the Bushmen and Hottentots. Blau further writes that this un- 
developed state is common among mentally retarded individuals, increasing in direct 
proportion to the decrease in intelligence. 


Frequently, uniform dextral dominance of the right side concerns hand, leg, eye, 

possibly also the ear, and the cranial and oral muscles. Multiformity appears as 
mixed laterality, such as in dominance of the right hand and left eye. Mixed 
dominance of various effector and receptor organs must not be confused with 
ambilaterality, as defined above. In adults, bilateral activity may occur in three 
forms: (1) Ambidexterity, the equal and similar dexterity or adroitness in both 
hands ; (2) Neutral ambilaterality without preferential dexterity in any hand; and 
(3) Ambisinistrality or ambilevousness, the equal absence of dexterity in both hands, 
making them equally sinistrous or maladroit (doubly left-handed). 
(b) Evolution of human dextrality can be traced back at least to the birth of tool- 
making in the Stone Age more than 100,000 years ago. Blau states further : 
“Recent careful archaeological research shows quite definitely that hand preference 
among aboriginal man in the Stone Age, as among animals, was equally divided.” 
Quoting many anthropological references, he concludes the original existence of about 
50% of left-handers. The same tendency to ambilaterality was found by Mead 
(1930) among New Guinea children. 


This primordial condition was definitely altered during the Bronze Age, when a 
marked shift toward right-handedness accompanied the evolution of implements. 
With the growth of culture, dextrality became incorporated into the social code, 
or as Blau puts it, “ Right sided dominance became not only a matter of convenience 
and necessity but one of religious and magical significance, moral and ethical values.” 
Hence, the polar dualism of words for “ right” and “left” in all languages which 
express the correlation of “right” with positive values, and the opposite for all 
“ sinister ” connotations. 


It is superfluous to ponder on any priority of either cerebral or manual laterality 
because this cannot be answered any better than the question whether the chicken 
or the hen came first. Both hatched from eggs laid by previous hens and so it goes 
back along the phylogenetic tree to the first fusion of crystals into living protoplasm. 
In the same manner, one hand began to predominate when the contralateral cortex 
was ready for expanded manual control, and the brain began to differentiate its 
specifically human functions when the hands were ready for manipulation. 
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(c) Ontogenetic development of laterality reveals definite similarities with generic 
evolution insofar as it goes parallel with the child’s acquisition of skills in both hands. 
Usually, at 9 months of age individual learning of preferred handedness begins to 
be guided by the inborn tendency to unilateral preference. The first attempts at 
speaking are made at the same age. Between 13 and 2 years of age preferred 
laterality begins to show signs of definite establishment. This is the age when 
post-natal neuromuscular maturation reaches a first peak, and when speech develop- 
ment sets in. Around the age of four years, laterality is clearly formed in most 
children, just as language development is then sufficiently advanced for simple 
conversation. 


It is a significant fact that girls acquire dextrality more rapidly than boys, just as 
the female sex is ahead of the male in learning all language functions beyond 13 years 
of age. Conversely, the minimal incidence of left-handedness is about 4% for females 
and 7% for males (Blau, 1946), or approximately twice as many sinistral males as 
females. The sex difference in developmental disorders of language and speech is 
even higher, namely by the ratio of about 1 : 4 between female and male. A relatively 
greater incidence of sinistrality is definitely found among mental defectives, delinquents, 
and many psychopathic abnormals (Blau, 1946). 


Gesell’s books (1940, 1943, 1946) offer additional evidence for the inseparable 
correlation of language and laterality. Ambilaterals tend to be retarded in language 
development and are also likely to show other irregularities in psycho-motor develop- 
ment which usually disappear when clear unilateral dominance: has been achieved. 
Moreover, laterality is closely linked to spatial orientation, or directionality. With 
normally developed orientation, vertical lines are drawn downward, and horizontal 
lines from left to right in the typical dextrad direction. 


(d) Aphasiology stands on firm ground, when confirming the empirical observation 
that aphasic language disorders result from lesions of the language area: in the left 
hemisphere of truly right-handed individuals, and vice versa. Blau (1946) agrees 
with most neurologists in linking preferred laterality and the faculty of language 
with the dominant side of the brain. “Both language and the skilled activities 
of dominance may be regarded as special forms of communication”. Exceptions are 
due either to erroneous or incomplete determination of lateral dominance, or to faulty 
interpretation of the causative brain lesion. Further discrepancies may be explained by 
the complicated problems of biczrebrality in left-handers, constitutional ambilaterality, 
pathologic sinistrality or shifted hand preference (Subirana, Logos, 1961). 


(e) Dysphemia or stuttering, that is blocking or repetitive speech, and its relation 
to problems of dominance has been discussed by numerous authors (see Arnold, 
1960, and Luchsinger and Arnold, 1959). In fashion around the turn of our century, 
this theory has contributed to the modern trend in American education which en- 
courages left-handers to write with the left hand. Although this national experiment 
has been criticized by other authorities, our present left-handers are still to be seen 
in a constant struggle with the right-handed script of our civilization. Kainz and 
others have stressed the fact that true left-handed writing would have to employ 
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leftward and inverted mirror-writing, such as Leonardo da Vinci developed for the 
secret script of his personal notes. Consequently, the dextrad writing-ductus (towards 
the right) of sinistral writing (with the left hand) is as unnatural as would be 
sinistrad mirror-writing with a dexterous (normally adroit) right hand. 

Yet, the psycho-neurotic symptom of stuttering has not diminished among American 

children since the introduction of tolerated sinistrality. Statistical analysis of the 
preblem by many authors (see Arnold, 1960) has disproved the assumed causal 
relationship between stuttering and left-handedness. Occasional observations of the 
appearance of stuttering in connection with a forced shift of handedness seem to 
be due to the educational pressures exerted on the child by impatient parents. In 
such cases, stuttering stems from a nervous reaction to the child’s emotional tensions 
created by the constant admonitions and prohibitions. I do not believe that brain 
function, per se, could be adversely influenced by even abrupt changes in manual 
preferences. 
(f) Dyslalia as a symptomatic group of various developmental articulatory disorders 
has often been associated with left-handedness. Since the term, dyslalia, describes 
the symptom of many different disorders of articulation, one should first define what 
associations are meant. We are obviously dealing with different pathological problems 
when discussing the articulatory difficulties encountered among the following diagnostic 
groups: mentally retarded, hypacusic, dysphasic, dysarthric, dysglossic, emotionally 
disturbed, autistic, or congenitally disposed children, such as those suffering from 
genetically determined language disability. 

It is therefore not surprising to find contradictory evidence regarding the incidence 
of left handedness among dyslalic children. In a recent study, Buckle (1951) found 
no difference in laterality between 100 dyslalic and 100 normal children. This tends 
to disprove the opinion of those earlier observers who noted a frequent association 
of dyslalia with sinistrality. Again, the conflict of opinions seems to be a problem 
of semantics. If we define what type of disturbed articulation is being considered, 
we may arrive at truly significant figures. It seems that the only genetic relationship 
which may be expected is that of disturbed dominance and the specific articulatory 
dyspraxia of congenital language disability, especially when this is combined with the 
dysgnostic elements of specific reading disability. 

Blau (1946) stresses correctly that the mirror-like inversals of “ mirror-speech ” or 
of the “spoonerisms” occurring with cluttered speech arise from a problem in 
orientation which is a question of order or spacing in relation to time. Although such 
temporal relations are not directly related to the spatial problem of right and left, 
these inversals involve a similar principle. In fact, the incomplete orientation with 
regard to both space and time appears to be the fundamental problem of cluttering 
and all its preceding delays in the development of language. 

(g) Dyslexia and dysgraphia, as the specific type of reading and writing disability, 
are now interpreted as but one phase in the child’s struggle with his congenital 
language disability. Many authors agree on the typical combination of this spectfic 
dyslexia with mixed dominance. Children with specific reading disability exhibit 
three peculiar traits : a marked tendency to make reversal errors in dextrad reading, 
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a facility in mirror-writing, and an unusual fluency in murror-reading of sinistral 
material. Such mirrored copy is produced by showing normal texts in a mirror, 
or by typing a mirrored carbon copy on the back of the original with the carbon 
paper face up. In Blau’s opinion, all these visual errors are due to faulty eye 
sensation resulting from reversed eye movements. Just as manual sinistrality prefers 
sinistrad writing, left-eyedness leads to the mirror-like inversion of reading and 
writing towards the left. 


Reliable evidence for these correlations of directionality and laterality has been 
elaborated by gemellological studies. It is an established fact that homozygotic (or 
monovular) twins often represent a murror-like duplication of the same individual. 
Thus, one of the identical twins often reflects the right half of what his partner 
contains as the left image. This mirror-like reflection frequently involves many 
details of physical asymmetries, such as of the face, eyes, nose, teeth, hair growth, 
posture, etc. Similarly, one partner is often right-handed, while the other is left- 
handed. For this reason, such mirror-twins also may differ in their visual-gnostic 
and grapho-motor abilities, because the sinistral partner may be inclined towards 
sinistrad mirror-reading and mirror-writing. Multiple homozygotic births may reveal 
the same proportions. In the case of the Canadian quinrupiers, two were dextral, two 
sinistral, and the median sister (Clara Roman) ambilateral. 


Other authors are equally firm in rejecting a causal relationship between specific 
dyslexia and disturbed dominance. Although emphasizing the preponderance of males 
among dyslectic patients, Park (1952) opposes the concepts of heredity and mixed 
dominance. Instead, he assumes a factor of stress with concomitant biochemical 
changes. Environmental factors, such as insecurity, neglect, emotional imbalance, 
negativism, etc., are also emphasized. 


In his scholarly monograph on the “ Master Hand”, Blau (1946) collected and 
analyzed a great wealth of information on the problems of dominance. His interpreta- 
tion rejects both concepts of hereditary influences and of congenital language disorders, 
such as congenital aphasia. According to his deductions, both sinistrality and language 
disorders are caused by emotional imbalance. He concludes that their relationship 
is mainly coincidental and linked through their common parentage from the basic 
psychogenic disturbance. Considering sinistrality a neurotic trait, he condemns the 
tolerance of sinistral writing habits and finds the alleged dangers of shifted handedness 
non-existent. This call for a return to uniform dextral education is the important 
conclusion from this work. 


(h) Disorders of handwriting are closely related to the basic organization of manual 
dominance. Many authors have noticed the general tendency in the right-handed 
to write to the right, and the left-handed to the left. This is best demonstrated by 
the spontaneous drawings of children. Since the entire motor pattern of dextrad and 
dextral writing (with a dexterous right hand) in Western culture is built on the 
numerical prevalence of dextral dominance, every imitation of Western script by 
sinistral writing (with a dexterous left hand) is fundamentally unnatural. If sinistrals 
were to develop their innate dominance for all acts of manual preference without 


. 


Wer, 





7 
f 


Godfrey E. Arnold 121 


coercion, then they would have to be permitted to use mirror-writing, the only true 
inversion of the abducting Western script. Since this cannot be done, sinistral but 
dextrad writing by adducting movements of the left hand remains an inadequate 
solution of inverted laterality. 

When examining the problem of disturbed writing from an evolutionary viewpoint, 
one must consider the archaeological evidence in its proper perspective. Evolution 
of writing was greatly influenced by the invention of writing implements and the 
surfaces to be written on. Blau (1946) reminds us that the form of letters and the 
direction of the writing duct were determined by the surface and the writing tool : 
“ Stone writing seems to have favoured leftward Semitic writing ; the brush, vertical 
oriental writing; and the pen, rightward European writing”. Thus, the Western 
alphabets originated from the sinistrad Phoenician, later went through a transitional 
period of alternating writing and reading in both directions, called boustrophedon, 
until the Greeks settled on the dextrad direction of present Western graphic. 

This evolution reflects the modern and mature orientation by dextral laterality, 
or as Blau puts it, “ language has definite directional pre-requisites which are related 
to the dominant right hand, the rightward direction of eye-gaze and the dominant 
eye, all focussing on the language symbol”. Just as the abducting movement of 
the right hand in Western writing is normal for the right-hander, the abducting 
movement of the right eye from left to right is normal for reading with dextral 
eye dominance. Conversely, left-eyedness favours the reversal of mirror-writing and 
reading. 

In conclusion of this tentative evalution of the dominance theory for the explanation 
of developmental disorders of language, it would seem that its true significance for 
language research lies in the precise definition of all related concepts and their 
relationship. Clarification of this problem will require carefully planned studies of 
all dominance factors in properly diagnosed cases of language disorders of congenital, 
constitutional, and acquired origin. In addition to such studies of pathological deficits, 
we need anthropological investigations of the specifically human trait of lateral 
dominance. 


EVOLUTION OF LANGUAGE AND LATERALITY 


Many attempts have already been made to draw conclusions from relics of tools 
and works of art, on the handedness of the originator and his associates. Often, it 
has been thought that such relics demonstrate a fairly even distribution of dextral 
and sinistral products, suggesting a lack of preferred laterality in those epochs. 

Other graphic testimonies indicate clearly the artists’ awareness of preferential 
handedness. Stein (1949) shows a reproduction of Bushman Cave Art (after Sollas), 
representing a cattle raid by 10 distant and 11 larger human figures. All of the 
larger group carry the weapons with the right hand, except the last and largest 


. figure in the lower right-hand corner which is clearly left-handed (spear-left, shield- 


right). This would indicate a ratio of 10% sinistrality, exactly as found in modern 
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civilization (Luchsinger and Arnold, 1959). Since the actions are directed towards 
the left side, the artist seems to have been a right-hander. 


Ontogenetically, the development of language and the establishment of preferred 
laterality go “hand in hand” at the same pace. The same close relationship is 
demonstrated by pathological observations. Hence, we are safe in assuming a similar 
interdependence in phylogenetic evolution of language and laterality since the dawn 
of cerebral dominance and unimanual preference. Far-reaching conclusions on the 
evolutionary stage of these two human functions in specific cultural epochs can 
be drawn by studying the cultural remnants of these periods. 


It seems, therefore, necessary to re-evaluate archaeological findings of objects and 
drawings from specified epochs with the following questions in mind : (1) For which 
hand were tools and implements designed and what is the proportion of specific 
laterality ? This question answers the distribution of preferential handedness and 
permits conclusions on the state of cerebral dominance at the time these tools were 
made. (2) To which side are faces, figures, and actions oriented ? This answer gives 
information on the artist’s own handedness, for right-handers tend to orient their 
drawings towards the left. Again, the numerical proportion of these directions indicates 
the distribution of preferential laterality. (3) In what hand are weapons, tools, and 
insignia carried ? The proportion of such preferences suggests cultural connotations, 
such as ethical and magical correlations of dextrality with righteousness. (4) What 
objects are depicted ? If an artist could abstract observations into graphic concepts, 
he must have known analogous language symbols. (5) What actions are represented ? 
If an observer could graphically define spatial and temporal relations of events, he 
must have possessed a structured communication system for the differentiation of 
verbs, nouns, and adjectives. One more word about the methodological approach 
to this problem. Reproductions of all such relics must be prepared with great 
care, lest the sides be reversed during photographic processing. Since this mistake 
has occurred, it is advisable to label clearly each side of the object before taking the 
first picture. 


It should be obvious that more information on the evolution of language and 
laterality can be gained from the logical analysis of cultural testimony than from 
intuitive contemplation of anatomic parts. The brain speaks, and not the tongue 
or the jawbone. Just as the large majority of speech and language disorders have 
nothing to do with the size, shape, and motility of the tongue, and just as the 
frequent delays in ontogenetic speech development have nothing to do with the 
mythical superstition of a “tongue tie”, the phylogenetic evolution of language 
can never be deduced from the comparative morphology of the peripheral expressive 
mechanism alone. 


Cranial bone fragments provide clues for the reconstruction of configuration and 
size of the skull. Their shape also permits deductions concerning the size and shape 
of muscles, such as the tongue, palate, external cervical muscles, etc. However, the 
motility and the complex patterns of co-ordinated movements of these osseo-muscular 
mechanisms depend entirely on the organization of the pertinent cerebral innervation. 
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How much caution is needed for such concatinated deductions—from structure to 
function and thence to performance—on the establishment of speech-adequate 
mechanisms is illustrated by Stein’s conclusions (1949) from the “ Piltdown fossils ”. 

Human language is a specific function of the human brain. Cranial endocasts give 
some information on the size and gross structure of the brain. Since, however, we 
cannot expect ever to find a preserved brain of early man, we can only look for the 
evidence of his brain function: his specifically human behaviour. Hence, any re- 
construction of language evolution is inseparably linked to the understanding of 
cultural evolution. When man was ready for culture, he sensed the need for contact 
(Revesz, 1946) and began to formulate symbolic language. 


SUBNORMAL MUSICAL ABILITY 


Having observed a large number of clutterers, we have become more and more 

convinced that a major clue to the problem of tachyphemia is to be found in the 
modality of auditory perception. There is general agreement that congenital language 
disability and well developed musical talent represent opposite poles of the greatly 
varied language talent in the general population. 
(a) Antithetic polarity of technical and musical ability. On the one side may be 
placed the extreme of predominantly scientific and technical abilities as found in 
members of materialistically inclined professions such as engineering, chemistry, or 
physics. Many representatives of these occupations demonstrate a tendency towards 
a concrete, precise, clipped, or even rigid formulation of thoughts. Their scientific 
journals are written in a plain, factual and sometimes popular or simplified style 
which has no space for metaphorical embellishment. Secretaries who type such 
manuscripts comment on the unusual number of errors in spelling and grammar. 
More often than not careless articulation and awkward selection of words detract 
from the intelligibility of their oral expression. 

The other extreme is represented by the language mastery of those with humanistic, 
philological, and artistic talents. In this group belong members of the teaching, 
philosophical, theological or legal professions. Scientific journals devoted to these 
fields present masterpieces of refined English prose. Many physicians demonstrate 
similar inclinations. It is not without reason that the medical schools are integrated 
in the universities and not with the institutes of technology where many sciences 
basic to medicine, such as physics and chemistry, are studied and taught. 

As a next link in our reasoning, we find in many surveys that musical ability is 
generally more frequent among members of the humanistic professions. In particular, 
among persons who have hobbies or abilities aside from those directly related to 
their vocations, physicians as a group are known for their musical talent. Hence, we 
arrive at a close general relationship between language and musical talent. Although 
human abilities are distributed in most varied combinations, it is nevertheless a fact 
that musical inclinations are found most frequently amongst the professions which 
rely on laneuage skill. On the other hand, technical specialists often exhibit a marked 
lack of musical interest. 
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In that sense, we may enlarge Luchsinger’s (1959) well-known thesis of the 
hereditary language debility type to include the criteria of refined auditory discrimina- 
tion. This concept leads us to differentiate the extreme prototype of non-musical 
language debility in association with unilateral mathematical-technical proficiency 
from the other extreme of musical and language talent amongst people with pre- 
dominantly humanistic-philological inclinations. According to our observations, 
clutterers tend to prefer technical or commercial occupations, where they are not 
handicapped by poorly refined speech. Most of our cluttering patients are completely 
uninterested in or even disparagingly opposed to music. Most of them also reveal 
marked signs of tone deafness or other forms of auditory dysgnosia. A pilot study 
has proved this observation to be true almost without exception. 


When dealing with the problem of musical capacity, it is good to remember that 

this ability is composed of two main categories: expressive and receptive. The 
expressive elements include all motor actions of singing, whistling, and instrumental 
performance. The receptive elements consist in perception, recognition, and emotional 
experience of musical form and content. These two categories may be present in 
various combinations and degrees of development. Conversely, cerebral lesions may 
disturb them singly or in various combinations (amusia, paramusia). 
(b) Musical Ability and Language. Many authors have drawn attention to certain 
basic relations between musical ability and all aspects of human communication. 
The following conclusions are beyond any doubt: (1) Most of the habitual (or 
functional) disorders of voice and speech (except stuttering) occur much more fre- 
quently in persons with sub-normal musical ability; (2) This correlation of low 
musical capacity with disability of oral expression is most marked in all conditions 
which depend on the feedback mechanism of auditory monitoring (dyslalia, all habitual 
types of dysphonia, etc.) ; (3) The congenital lack of musical talent is most striking 
in clutterers, especially when the other elements of specific language disability are 
prominent. Let us examine next how these clinical observations can be related to the 
concept of central language imbalance (Weiss, 1950) as the basis of all tachyphemic 
difficulties. 


There is substantial evidence for some sort of leading function of the non-dominant 
hemisphere in the non-verbal aspects of communication : music, mathematical ability, 
and abstract reasoning. Pfeifer (1936) demonstrated the larger cortical representation 
of auditory function in the non-dominant temporal lobe which often contains two 
transverse convolutions of Heschl, whereas the dominant side shows only one such 
auditory gyrus. Moreover, Heschl’s area is much larger in musical individuals than 
it is in persons without musical talent. Fry (1957) seems to have a similar concept 
in mind, when stating that the non-dominant side specializes in the recognition and 
reception of speech, while formulation and expression of language pertain to the 
dominant hemisphere. 


Analyzing traumatic brain injuries, Poetzl (1947) and Arnold (1951) found a close 


relationship between brain dominance and symptomatology of cerebral auditory dis- 
orders : in all cases of centrally disturbed auditory function, lesions of the thalamus 


: 
4, 


a= 





—— 


~~. 


Godfrey E. Arnold 125 


or of the cortical auditory projection were localized in the non-dominant side. It 
was concluded that lesions of the highest auditory centres in the non-dominant side 
tend to produce the “highest level” disorders of paracusis or paramusia (receptive 
dysmusia), while leaving all language functions intact. 


Thus, we arrive at the following analogy of two types of dysgnostic disorders. 
Lesions of the non-dominant auditory cortex are associated with the general class of 
auditory agnosia for non-verbal perceptions whose best-known representative is 
receptive dysmusia ; lesions of the temporal auditory areas in the dominant hemi- 
sphere produce the general class of symbolic and semantic agnosias with the prototypes 
of receptive or nominal dysphasia. 


In this sense, the clutterer’s diffuse alteration of brain function seems to affect 

both hemispheres, producing his dysphasic expressive paraphrasia in the dominant side, 
and the dysmusic receptive dysgnosia in the non-dominant side. A further element 
of receptive dysphasia, namely the logorrhoeic overflow of disjointed syntax particles, 
has a counterpart in the rambling propulsion of the clutterer’s tachylalia. This 
parallel points to a defective inhibitor mechanism in the feed-back control which is 
normally exerted by the temporal lobe. If the problem of disturbed dominance is 
added to these dysgnostic, dyspractic, and dysphasic features, the clutterer’s well-known 
confusion by the musical elements of speech (pitch, rhythm, and temporal succession) 
becomes apparent with perplexing empathy. 
(c) Diminished Auditory Discrimination. This concept of diminished auditory ability 
among clutterers fits well into the new theory of cluttered speech. At the present stage 
of general understanding, our attention is attracted by three characteristic features 
in the clutterer’s reduced auditory orientation. These are: (1) A tendency towards 
abstract thinking with diminished attention to the discrete definition of verbal thought 
concepts ; (2) A deficient feed-back mechanism of auditory monitoring ; and (3) Poor 
auditory memory for all language symbols, his own as well as those of other 
speakers. 


The tendency towards abstract thinking appears corroborated by Weiss’s observation 
that in many clutterers thinking proceeds in general images without precise formulation 
in words. This seems to be similar to any normal person’s occasional experience when 
thinking of a specific acquaintance without being able to recall his name. These 
patients often admit the feeling that their thought process is completed before the 
appropriate words have been selected. The time interval between the appearance 
of the impulse to speak and the recall of the necessary words produces the characteris- 
tic repetitions in the clutterer’s impatient speech. In that sense, the clutterer’s 
tendency towards thinking in abstract images or relationships prevents him from 
making the required effort to prepare each utterance by the prior formulating process 
of inner language or by thinking in concrete language concepts. 


Deficient auditory feed-back : When he begins to hear his poorly prepared pro- 
nouncement, the clutterer’s innate limitation of auditory feedback causes a further 
handicap by inefficient homeostatic control of his motor speech act. Therefore, he 
becomes more confused by what he hears himself say which results in the well-known 
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stumbling over syllables with the various inversions of sounds, syllables, words and 
sentence particles. Expressed in other terms, the clutterer’s auditory observation of 
his speech is extremely feeble, a fact which seems to be related to a lack of sharply 
defined ideational images in any sensory modality. 

Poor auditory memory has been observed by numerous investigators. Recently, 
Landolt and Luchsinger (1954) emphasized the clutterer’s poor auditory memory for 
words he has just pronounced. The after-image of his own words fades away more 
rapidly than in normal persons. For this reason, the clutterer often repeats the same 
error without noticing it. If the error is brought to his attention, he cannot reconstruct 
what he has just said. Objective evidence for the various elements of this auditory 
dysgnosia has been found by tests of several psycho-acoustic functions: (1) 
Differential limen for frequency discrimination, (2) Delayed side-tone effect, and (3) 
Auditory memory span. 


LANGUAGE AND LOCALIZATION 


Problems of cerebral localization are especially complicated when attempts are made 
to corrrelate specific functions of communication with certain cortical areas. While 
it is generally accepted that expressive language formulation pertains primarily to 
Broca’s area and that impressive language perception is based in Wernicke’s area, both 
in the dominant side, the further categories of symbolic, semantic, and syntactic 
communication cannot be ascribed to limited centres. The dilemma created by the 
controversy between localizing and holistic aphasiology is particularly confusing with 
regard to the highest levels of human communication : graphic language and music. 
(a) Primary structure and secondary function: Recently, a clearer understanding has 
been reached by the systematic application of the fundamental dichotomy between 
primary neuro-muscular organization and secondary or accessory specialization of 
function. This dichotomy of life preserving and superimposed activity governs all 
functions which serve for communication. The respiratory organs have acquired the 
secondary function of phonation ; in the alimentary oral portal, the accessory function 
of articulation has been superimposed ; to digital manipulation of food, tools, and 
weapons has been added the specialized skill of writing; auditory recognition of 
global signals important for the preservation and propagation of life (food, dangers, 
mates) has been differentiated into the analytical understanding of abstract language 
symbols ; and lastly, as the latest phylogenetic acquisition, visual perception of 
attractive and perilous situations (food, mates—stronger animals, fire) has evolved into 
abstract comprehension of graphic symbols by drawing, writing, and reading. 

The anatomical features of neuronal structure represent the generic and genetically 
determined brain organization of each species. Normal humans possess the same basic 
brain organization with the same type and number of convolutions. What differs in- 
dividually is the relative size and development of certain functional areas, the musically 
gifted having a relatively wider cortical representation of auditory function, the 
talented sportsman being distinguished by excellent cerebellar and extrapyramidal co- 
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ordination, and so on. Cats or monkeys excel by superb motor agility because their 
equilibrial and co-ordinative capacities are most highly developed. Thus, brain 
organization is a result of phylogenesis. 


Accessory specialization of function has utilized pre-existing structures for the 
development of superimposed abilities. It reflects the generic and ontogenetic processes 
of learning, it enables the individual to develop his structural capacities to various 
levels of achievement. All human beings have equally organized hands, but only 
a certain number possess the cerebral differentiation of talent which enables them to 
learn painting or piano playing ; all men have the same brain anatomy, but only 
those learn to speak, write, and read whose environment offers these skills and who 
can hear and see enough to perceive them. Hence, specialized function reflects the 
interplay of generic evolution and individual learning. 


(b) Absolute and relative localization : The same thesis was elaborated in Leischner’s 
recent monograph (1957) on agraphia and alexia. Beginning with the origin and 
evolution of graphic skills, he presents a conciliatory interpretation of relative 
localization. He distinguishes primary and secondary brain functions. Primary cerebral 
functions pertain to the original organization of the brain and are carried out by 
specific effector organs. For example, the pre-central area for manual activity controls 
all movements of the hand. These primary cerebral functions are absolutely localized 
in discrete cerebral areas. 


Secondary brain functions developed at a stage when the organization of the human 
brain was essentially completed. They are not carried out by any specific brain 
areas reserved solely for their performance, nor do they possess their own effector 
organs. These secondary functions borrow cortical territories and peripheral effector 
organs which best serve their purposes. Therefore, their central correlation with 
certain cortical areas is of a loose order. It represents a relative localization which is 
individually variable with regard to place, intensity, and ideational type. The motoric, 
auditory, and visual imagery types influence the development of secondary functions 
to a much greater extent than the primary brain functions. Another difference between 
primary and secondary brain functions is the fact that the latter constitute links 
in a chain of integrated functional patterns. 


Although it is accepted that agraphia and alexia are correlated with defects in the 
parieto-occipital area of the dominant hemisphere, Leischner prefers to ascribe to 
this region only the ability to deal with symbols. What is known for certain is the 
fact that this ability is most easily disturbed by lesions of this area. Conversely, 
the development of secondary brain functions depends on favourable environmental 
and educational factors. 


Typical secondary functions are reading and writing which illustrate the relationship 
between primary and secondary functions of the brain. The nearer a certain brain 
function is to the brain’s primary activity, the easier it is to localize this function 
in discrete cortical areas. Contrariwise, the higher a secondary function developed 
from the primary ones, the more brain areas will it require, and the more diffuse 
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are its topical relations. In this sense, all aspects of expressive and receptive com- 
munication represent secondary or accessory brain functions which should be inter- 
preted in the light of their true relationship to the basic organization of the brain. 


LANGUAGE DISABILITY AS AN EXAMPLE OF DEFICIENT HOMEOSTASIS 


Having reviewed the manifold psycho-somatic and psycho-acoustic disabilities which 

produce the cluttering syndrome of language disability, we arrive at the dynamic 
analysis of the underlying organic deviations in brain function. 
(a) Spatial Organization of the Brain. The gross anatomy of the brain suggests a 
condensation of the ramified problems of all communication disorders into two main 
categories : one, expressive-motor disorders of language formulation, and two, 
impressive-gnostic limitations of receptive communication. There is no doubt about 
the topographic separation of these functional categories by Rolando’s central fissure 
which defines the border between the frontal and parietal lobes of each hemisphere. 

In the category of active motoric expression with pre-central localization, we find 
the paraphrasic elements of cluttering with the related problems of dysphasic, 
dysgrammatic, dyslalic, expressive-dysmusic, dysrhythmic, dyspractic, and dysgraphic 
disorders of psycho-motor co-ordination. 

The other order of passive sensory reception in the post-central convolutions is 
involved in the group of dysgnostic, dysmnestic, receptive-dysmusic, and dyslectic 
limitation of psycho-sensory integration with the environment. 

As if presenting a connecting link between these two polar categories of dysfunction, 
developmental disorders of lateral dominance contain both the elements of disoriented 
motor co-ordination and the problems of confused sensory perception. Hence, the 
persisting interest of clinical psychologists in the laterality problems which are 
so obviously associated with the specific disabilities of expressive-motor writing and 
receptive-sensory reading. 

Cerebral dominance is important in another respect. We believe that a limited 
degree of association between certain brain areas, as integrating centres for specific 
communicative functions, and corresponding pathologic deficits cannot be eliminated. 
This view is in no conflict with modern methods of aphasiologic language research 
which rightfully stress the holistic concept of brain function as an integrated entity. 
The two hemispheres do not compete with one another for some ambitious pre- 
dominance. Rather, they supplement their individual functions by constant mutual 
correlation via the commissural association fibres. Thus, the two verbal functions of 
symbolic (1) reception and (2) formulation of language in the dominant fronto- 
temporal area, and the two non-verbal processes of musical (1) reception and (2) 
expression in the corresponding region of the non-dominant side are geared like a 
well-bred team of horses for the same common goal: semantic and emotional com- 
munication with the world around us. 

Following this synthetic interpretation of the cluttering syndrome further, a final 
link is required to unite the functional anomalies within the two basic categuries 
of (1) pre-central motor and (2) post-central perceptive types, as well as within the 
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bitemporal parallelism of (3) dominant verbal and (4) non-dominant non-verbal 
communication. Confronted with the “crux” of the two main brain fissures, namely 
the longitudinal intercerebral fissure and the transverse central fissure of Rolando 
with the continuing Sylvian fissure, we need a unifying factor to explain the 
interrelated deviations in these four prototypes of communication disorders and their 
spatial correlation with the four quadrants of the brain: (1) pre-central expressive 
dysphasia, and (2) post-central receptive dysphasia, both in relation to the dominant 
side, as well as (3) pre-central expressive dysmusia, and (4) post-central receptive 
dysgnosia, both in relation to the non-dominant side. 


(b) Expression Monitored by Reception. Now, what could be this unifying principle ? 
Most likely, it is represented by the homeostatic feed-back mechanism with its 
constant interplay of activating and inhibitory impulses. And where may this homeo- 
static mechanism be found? Most likely in close anatomical and physiological 
relationship with the activating system in the reticular formation of the sympathetic 
network. Let us recall what was said in the beginning: the clutterer is not aware 
of his disability, but when he is activated to better performance, and when he is 
alerted to his deficient auditory feed-back, he promptly speaks as well as anyone 
else—at least for a short while until his activation and his feed-back fade away again. 
Conversely, temporary cluttering can be elicited in normal persons when subjected to 
the delayed side-tone experiment (Meyer - Eppler and Luchsinger, 1955). 


To test a new hypothesis, clinicians usually resort to animal experiments. Unfor- 
tunately, this method would be of no value to our problems, for animals have no 
language in the human sense and what musical ability the higher mammals may 
possess, would have no bearing on the specifically human acquisition of musical 
performance and experience. It is possible that comparative musicology may have 
something to say about certain parallels in the evolution of language and music. If 
language had to progress from the stereotyped patterns of animal cries to the highly 
differentiated symbols of human morphemes, music had to follow an analogous course 
from the generically fixed trills of bird song to the free invention of form and content 
by the composing genius. Again, invention, expression and reception of musical 
structure depend on the highly differentiated cerebral capacities of auditory imagination 
and discrimination. 


After our pilot study had progressed to this point, we found a short report by Wolf 
and Wolf (1959). These authors present a theory for explaining certain speech 
disorders, such as stuttering and aphasia, as being caused by an abnormal feed-back 
mechanism. Quoting previous experiments with delayed side-tone presentation, they 
conclude that a delay in the auditory feed-back path produces a special type of 
stuttering (cluttering ?), and that ordinary stuttering is not caused by an auditory 
dead time lag. Consequently, the dead time lag responsible for pathological stuttering 
must occur in some other part of the speech system. These delay causing factors can 
occur in anyone. Therefore, normal speakers can and do experience occasional non- 
fluencies or stutter-like blocks when under some emotional tension. Such stumbling 
over long or complicated words represents a physiological form of cluttering, for 
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careful enunciation or simple repetition of the mis-articulated word will promptly 
correct the tongue slip. 


From this view-point the puzzling complexity of the tachyphemic language disability 
suddenly appears much more simple. The clutterer is primarily disturbed by his 
conceptual and paraphrasic disability of incompletely developed language function ; 
this limitation is complicated by his equally basic psycho-motor dyspraxia ; and he 
becomes confused by the deficient feed-back resulting from his sensory dysgnosia. 
Looking at it genetically, and keeping in mind that hearing is phylo-genetically much 
older than speech, the circle is completed by saying that the original dysgnostic 
limitation of perceptual function delays the normal acquisition of language, and the 
resulting paraphrasic disorders remain uncorrected by the persisting dysgnosia. 


This, then, is our new theory which actually rests on the observations and inter- 
pretations of all previous contributors to the riddle of cluttering, particularly those of 
Freund (1934, 1952), Luchsinger and Landolt (1951, 1955) and Weiss (1935, 1936, 
1950). It is now presented to information theory with the expectation that a model 
analogue of deficient homeostasis will be constructed and the mathematical theory of 
inefficient feed-back mechanisms will be formulated. Similar suggestions have already 
been made for speech disorders in general (Arnold, 1960 ; West, 1957). Considering 
the large number of unrecognized clutterers, of children labouring with reading 
problems, and of secondary tachyphemic stutterers—all together affecting 10 to 20 
million in the U.S.A.—this new theory for the global handling of all language dis- 
abilities should become more universally valid than the well-meant but incompletely 
understood efforts in the direction of sinistral culture and education. 


(c) Tri-dimensional Systems of Communication, Homeostasis and Space. Although 
cluttering is a very frequent speech disorder, it has received little attention in modern 
speech research. Yet the numerically few studies devoted to the intriguing problems 
of tachyphemia have demonstrated that it is the prototype of a congenital and familial 
language disorder. Moreover, cluttering encompasses all degrees of faulty language 
function from the occasional physiological tongue slips of the distraught normal speaker 
to the continuously unintelligible speech of the severely language-handicapped clutterer. 
Hence, cluttering represents a symptomatically enlarged and pathologically modified 
model for the study of all normal language functions, especially from the new viewpoints 
of information theory and communication research. 


Groping for suitable approaches to systematic analysis, one first encounters a tri- 
dimensional system which seems to bring some order into the perplexing multitude 
of causes, effects, and their associations. (1) A vertical dimension opens the view into 
an interrelated group of etiological factors which affect the development of psycho- 
motor praxis, sensory gnosis, and symbolic abstraction. (2) On a horizontal scale are 
displayed the interdependent clinical types of language disorder with parallel limitation 
of the expressive and receptive components of communication in all modalities of 
motoric, phonic, graphic, rhythmic, auditory, and visual performance. (3) The third 
dimension of depth demonstrates the many causal interrelations among the etiological 
factors and their pathological consequences. 


_——. - 
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This spatial orientation in the attempted analysis of disturbed language function has 
a visible counterpart in the spatial organization of the brain in four quadrants. 
Divided by the transverse direction of the central fissure, (1) the pre-central portion 
is identical with motoric-expressive actions, while (2) the post-central portion is the 
seat of sensory-receptive functions. These two halves are sub-divided in the median 
plane by the intercerebral fissure into (3) a dominant and (4) a non-dominant hemi- 
sphere with their correlates of verbal and non-verbal forms of communication. Hence, 
the fundamental importance of cerebral laterality for all language research. 

Following the spatial concept further, the three dimensions of space, time, and 
causality serve for the integrated interpretation of normal as well as disturbed language 
function and its pathological prototype of cluttered speech. Just as every phoneme 
contains at least three dimensions of formant spectrum, vocal melody, and temporal 
patterns of rhythm, cluttered speech deviates likewise in at least three categories of 
reduced oral articulation, monotonous vocal melody, and distorted respiratory rhythm. 
The same is true for all other deviations in the clutterer’s somato-motor and psycho- 
sensory performance, as has been discussed. 


SUMMARY 


Since the three new concepts of (1) language as a servo-system, of (2) homeostatic 
maintenance by various cerebral feed-back mechanisms, and particularly of (3) artificial 
cluttering during delayed side-tone presentation are sufficiently established, the new 
theory of language disorders as a result of deficient homeostasis appears to be ready for 
mathematical formulation by communication research. 

Etiological causes and pathological types of language disorder can be analyzed 
according to certain well-defined categories. These categories should lend themselves 
for the construction of analogue models. Applying the specified variables to the 
performance of such models, one should be able to define the precise modes of the 
most probable feed-back mechanisms. The outline for such programmes of analogue 
studies is suggested by our findings. 
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EFFECT OF SUCCEEDING VOWEL ON CONSONANT 
RECOGNITION IN NOISE 


ViIcTOR SADLER 
University College, London 


Eighteen subjects were required to identify 23 consonants each presented in CV pairs 
with each of five vowels in white noise at a S/N ratio of 6 db. Overall articulation 
scores varied with the vowel used, and there was evidence of strong interaction between 
vowels and consonants. Judgements were also influenced by linguistic frequencies. 
It was concluded that the discriminability of CV letter-names could be greatly improved 
by manipulation of the vowel. 


INTRODUCTION 


The primary purpose of this experiment was to suggest brief but distinctive names 
for the 23 consonants of the Esperanto alphabet. At present all consonant names are 
formed by adding one and the same vowel, namely />/—e.g. /p>/, /to/, etc. A 
similar situation exists in certain national languages, for example Turkish (which adds 
/e/) and Bengali (adding />/). In English, too, consonants which are similar with 
regard to articulation often bear similar names (e.g. /em, en/ ; /bi, di/). This increases 
the chances of confusion whenever listening conditions are not ideal. In present 
practice, this difficulty is usually overcome by using highly redundant letter-names of 
the ALPHA BRAVO CHARLEY DELTA type. Long strings of such names become 
cumbersome, however, and it is of some interest to discover to what extent the required 
redundancy may be attained in monosyllabic names, where the allocation of vowels to 
consonants is governed by considerations of discriminability. The broad features of the 
results are presented here in the belief that their relevance extends beyond the language 
for which the experiment was conceived. 


METHOD 


The investigations were in the nature of a pilot study, and were restricted to a single 
type of letter-name, that in which the consonant precedes the vowel. Alternative 
systems (VC, VCV, etc.) may be explored at a later date. Each of the five vowels /a, 
€, i, 3, u/ was paired with each of the 23 remaining letters of the alphabet and the 
series randomized. The list was then recorded on magnetic tape at a speed of 33 i.p.s. 
White noise was simultaneously added at a level subsequently found to be on average 
5-6 db. below that of the speaker. The 115 syllables were pronounced with what was 
felt to be a constant degree of effort, in groups of five separated by approximately 
8-0 secs. The temporal separation within groups was half this value. Timing was 
achieved by following light signals from a pre-set electronic switch. 

Subjects were eighteen adults, both males and females. All spoke Esperanto, but in 
the majority of cases English was the native language. They were told that their task 
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was simply to identify and write down the consonants as they heard them ; also, that 
each of the 23 consonants would be heard with each of the 5 vowels. The character 
of the auditorium used made it necessary to resort to a replay-level which introduced 
a certain amount of distortion ; moreover, there was no control over background noises. 
The results are therefore those for an extremely noisy channel with some distortion and 
an upper cut-off at about 6000 cps. It is doubtful whether the lower cut-off is of 
particular importance. 


RESULTS 


The results were first cast into a set of five confusion matrices—one for each vowel. 
These five matrices were then combined, and Table 1 shows the observed confusions 
summed over the vowel variable. In this table, the columns represent stimulus- 
categories, and the rows the responses. Below each stimulus-letter is given the 
equivalent symbol from the International Phonetic Alphabet. The last row of the 
matrix is the no-response category—where the subject was unable to make a decision. 
Table 2 was again derived from the original data, this time by summing over the 
stimulus-consonant: it shows the number of times a given vowel elicited a given 
response, regardless of whether the response was correct or not. In Table 3, on the 
other hand, the same cells are occupied by frequencies of correct responses. From the 
ratio of the sums of all entries in Tables 1 & 3 it is seen that the overall percentage of 
correct decisions was 42-07. 


DISCUSSION 


Before any conclusions are drawn, the following reservations are called for. First, 
the subjects used had no previous experience of articulation tests ; consequently they 
may be open to biases which even a little practice would eliminate. Second, little 
reliance can be placed on the individual cells of the original matrices, since each 
consonent-vowel combination was recorded only once, and the possibility of fluctuations 
in pronunciation is considerable. The fact that presentation was limited to a single 
order will further tend to bias the responses to certain combinations, especially those 
at the beginning of the series, where subjects were not yet accustomed to the noise. 
The effect of these latter peculiarities on the results presented in Tables 1 to 3 will be 
very much reduced, but should be borne in mind. 

Certain tendencies emerge clearly enough in spite of the above reservations. Casual 
inspection of the response-totals in Table 1. makes it abundantly clear that certain 
possible judgements are neglected in favour of others, and suggests that the preferences 
are a function of the relative frequency of the various letters in the language as a whole. 
These frequencies are known (Sadler, unpublished) and correlate with the response- 
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Confusion matrix showing consonant perceived against consonant spoken. 


frequencies of Table 1 to the extent of 0-5, by Kendall’s rank correlation method 
(P < 0-001). It seems, then, that the response-preferences are caused by the linguistic 
frequencies. An alternative hypothesis which seemed worthy of attention is that both 
sets of frequencies are related to a common cause—namely the relative intelligibility 
of the various sounds. It is reasonable enough to suppose that a language might use 
those sounds most frequently which are most easily perceived. As a measure of relative 
intelligibility, the totals of correct responses in Table 3 were added as a third set of 
ranks, and tau was calculated for the three possible pairs of variables. Then each of 
the two hypotheses was tested by partialling out the third variable. Thus the relation 
between the linguistic frequencies and the “ intelligibility” factor, with response- 
frequencies held constant, amounted only to 0-04, whereas the relation between 
linguistic and experimental frequencies, with “ intelligibility” partialled out, was 0-4. 
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Totel 20 164 39 9hO4l & 1 5640 73 67 55 52 23 65 22 6941 264419 871 


Frequency table of consonant perceived against vowel following spoken consonant. 


TABLE 3 


RB: be BC atfge@nrkRI TKLlimnprseBttvyzse 


20 29161728 7 3 27 3314216 715 214,145 7 61, 3 92 
24 39 22 hm 12 2 15 1, 40 28 15 23 271713 929 81612 31 
21291218 &§18 & 3.1217 20 21 29 34 181019 50 4% 30 5 85 
12 211 28103213 2 218 9 54 3212103038 31333 6 8 \& 32 
63103 MUM 5 SM S 10 45012 51615411018 25 916 4k Id 


fF Oras <4 


As Table 2, with incorrect judgements omitted. 


It seems safe to conclude that the language does not make most use of its most 
intelligible consonants, but that subjects are positively influenced by their statistical 
knowledge of Esperanto, despite the prior information that all consonants would be 
heard five times. The McGill (1954) method of analysis indicates that of the estimated 
response entropy H’(r) of 4-18 bits, the error term H’.(r) remaining unanalyzed when 
the two stimulus-variables are taken into account is 1-60 bits. The above correlation 
with linguistic frequencies probably accounts for the majority of this figure, although 
it might be expected on other grounds that it should also contain the effects of previous 
transmission. This latter effect, however, could not be adequately investigated in the 
present experiment owing to the design limitations. 

The only relationship here which may be directly tested by the McGill method is 
that between the stimulus-vowel and the response frequencies (Table 2), for which 
the data seem to support the 92 degrees of freedom. Here T’(v;r) = 0-18, P < 0-001. 
The same tendency may be seen in Table 3, which therefore justifies the primary 
assumption of the experiment, that intelligibility is differentially affected by the follow- 
ing vowel. It is interesting to note that there is also an overall effect of the vowel 
variable, as confirmed by a x* test between the vowel-totals in Table 3 (P < 0-02). 
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Inspection of these totals shows that, in general, consonants are more intelligible where 
the following vowel has a medium-to-low first formant. There is also a suggestion 
that recognition may be superior where the second formant is relatively high. The 
ranking of the vowels does not, on the other hand, appear to be a function of their 
usual sound-pressure level ranking. This is an observation which finds support in 
Curry et al. (1960) ; their study of English letter-names showed no significant relation 
between sound-pressure level and intelligibility. They did, however, note a tendency 
towards grouping of the letter-names by vowels, when ranked by percentage correct, 
and found that names including /e/ were considerably more intelligible than those 
formed with /i/—further confirmation of the totals presented in Table 3. The 
experiments of Miller and Nicely (1955) and of Pickett and Rubenstein (1960) dealt 
with only one vowel each (/a/ and /1/ respectively). Three vowels (/i/, /a/ and 
/o/) were used in Pickett’s (1958) experiment, and were found to yield strikingly 
different confusion matrices. No direct comparison of overall articulation scores was 
made between the vowels, however, and since the experiment dealt with compound 
consonants, no very useful comparison with the present results can be made. 


As a check on the other main finding of the present study—the influence of 
linguistic frequencies—rank correlations were calculated for the data of Miller and 
Nicely (1955) and Curry et al. (1960), with phoneme and letter frequencies respectively. 
Unfortunately, Curry et al. give no information as to actual response frequencies as 
distinct from correct responses, and the observed correlation with Dewey’s (1923) 
Table D2 should arise by chance 13 times in a hundred. Miller and Nicely, on the 
other hand, provide suitable data, and the judgements reported by them correlate well 
with Voelker’s phoneme-frequency rankings (quoted by Wang and Crawford, 1960 ; 
P < 0-01). Thus the tendency towards linguistic biases in tests of this kind appears 
to be general. 


CONCLUSIONS 


1) Succeeding vowels have been shown to influence consonant intelligibility, both as 
an independent source of variation and also in interaction with the consonant variable. 
Provisional calculations show that it should be possible, by judicious allocation of vowels 
to consonants, to produce a monosyllabic (CV) spoken alphabet which would raise the 
articulation score at a speech-to-noise level of + 6 db. from 42 to 70%. This figure 
does not take into account the additional improvement resulting from the knowledge 
that a given vowel can only follow a limited set of consonants, once the letter-names are 
fixed and memorized. 


2) Subjects’ response-biases are shown to be influenced by the language from which 
the materials of the test are drawn. The consonants most frequently attributed to the 
speaker are those most frequently used in the language as a whole. 
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AN INDEX TO MEASURE CONTINGENCY OF 
ENGLISH SENTENCES* 


SELWYN W. BECKER 
University of Chicago 


ALEX BAVELAS and MARCIA BRADEN 
Stanford University 


Several indexes to measure contingency of sentences were constructed by considering 
nouns, repeated nouns, and total number of words. Contingency was operationally 
defined as reconstructibility in order to test the several indexes against a criterion. 
The best form of the index was then selected and retested. The contingency ranking, 
based on the index, of ten sections of text correlated 0-84 with the reconstructibility 
ranking. It was concluded that the index is a valid initial approximation to a measure 
of contingency if contingency is defined as reconstructibility. 


Scholars have been concerned with language as a communicative device for many 
centuries. More recently, part of this interest has been expressed in statistical analyses 
of language as evidenced in the counting of word frequencies and the calculation of 
word contingencies. Newman (1951) investigated patterning of vowels and consonants 
in various languages and found that there were marked differences in the degree to 
which sequences of vowels and consonants form a restriction on the informational 
content of the language. He also found the greatest degree of patterning in primitive 
languages and least patterning in English. Therefore, in information terms, English is 
noisy and unpredictable. In English there is little structure beyond the 5th or 6th 
letter (the length of the average word) perhaps, because the statistics of words are on 
a different level from the statistics of letters. Newman and Gerstman (1952) 
developed a coefficient of constraint which provides an estimate of the sequential 
dependencies of letters. They conclude that “neither greater freedom nor greater 
constraint is discovered when sequences of letters are examined of a length greater 
than that of one word”; and they also suggest that “in many respects, analysis at 
the level of words would be most useful.” 


Miller, Heise and Lichten (1951) found that a word is harder to understand if it is 
heard in isolation than if it is heard in a sentence because if one hears the first six 
words of a sentence, the seventh can more easily be determined for the range of 
possible continuations is sharply restricted. 


This sort of formulation, however, has not been applied to the analysis of sentences. 
Since the number of possible sentences in English is very large, any estimate of the 


* Support of this study was provided in part by a Public Health Service Postdoctoral Research 
Fellowship, MF-6846-C, from the National Institutes of Mental Health to the senior author 
at Stanford University, Stanford, California. 
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contingency of any sentence, given a previous one, is probably impossible by any 
method of exhaustion. It is clear then, that some “ short-cut ” method is necessary in 
order to get an approximation of the contingency of sentences. A first attempt at such 
an approximation is proposed in this paper. 

Because all possible sentences are not readily available, it is not feasible to obtain 
frequency counts of any sentence, so a method of calculating sentence contingencies 
must be based on either a sampling of sentences or on the components common to 
all sentences. Then some way of verifying the calculated contingency must be 
obtained. Thus there is a twofold problem: (a) that of calculating an index of the 
contingency of sentences and (b) devising a test to determine if the proposed index is 
a valid one. 


RATIONALE AND CALCULATION OF THE INDEX 


A sentence is more than a collection of words because of the structure (grammatical 
rules) by which the words are assembled and also because the relationship of the words 
to one another within that structure presumably provides some meaning not given by 
the sum of each word taken independently. Sentences are also collected within another 
structure, paragraphs, leading one to assume that there might be some meaning 
associated with the interaction of all the sentences forming the paragraph that is not 
given by the sum of the meanings of the separate sentences. 

If the word is arbitrarily selected as the basic unit for analysis of the sentence 
“‘ meanings,” what kinds of word must be considered ? Most generally, each sentence 
contains at least two words defined and denoted within the structure (grammar) as a 
noun and a verb, with the minor exception of imperative sentences. From an 
inspection of any given paragraph of English text, one can see at least the following 
kinds of occurrences: (a) each noun appears only once in a collection of sentences ; 
(b) some nouns appear more than once in a single sentence, but do not appear in the 
remaining sentences of the collection; (c) some nouns are repeated in different 
sentences, but not in the same sentences ; (d) some nouns are repeated both in the 
same sentence and in different sentences. The verbs in any given paragraph can also 
occur in any of the same four patterns. If both nouns and verbs are considered, any 
combination of the patterns of repetitions and non-repetitions can be observed. 

Although other kinds of word (other parts of speech) also appear in sentences, only 
a noun (either stated or implied) and a verb are necessary for a complete sentence. 
It was assumed that nouns, as object and concept designates, are the more important 
carriers of meaning, and therefore the key to sentence contingencies. Based on this 
assumption, the following formulation is presented. 

If nouns appeared randomly, then each noun’s appearance would reduce uncertainty 
by a maximum amount, a condition of total non-contingency. If nouns appeared with 
some fixed, predetermined order, e.g., one noun repeated indefinitely, no uncertainty 
would be reduced and there would be maximum contingency or complete predicta- 
bility given the first word. Thus, an index of contingency should include the ratio of 
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repeated nouns to total number of nouns. If the assumption that the noun carries the 
sentence meaning is an imperfect one, then some provision for assessing the value of 
the remaining words should be included. Although the present attempt is concerned 
chiefly with nouns, in order to give at least some weight to the frequency with which 
all other words appear, the ratio of nouns to total number of words is included in 
the index. 

The determination of the total number of nouns in a selection of English text is a 
relatively simple matter, counting ; but for purposes of the index, the number of 
repeated nouns presents problems. Are nouns repeated in the same sentence to be 
given the same weight as ones repeated in different sentences ? What about words 
that stand for, or refer to, nouns, i.e., pronouns ? It was decided that these questions 
could best be answered after an examination of some empirical data. To that end, 
several index values were calculated for the same sections of text. The index took the 
following general form: 

overlap percent. 
Index = 





concept percent. 
The several methods of calculating the index were based on differing definitions of 
the overlap percentage, (O%), and concept percentage, (C%). Excluding pronouns: 








number of repeated nouns 
0% = 
total number of nouns 
and 
total number of nouns — number of repeated nouns 
C% = 


total number of words 


With pronouns still excluded, the O% was calculated in one other manner, and 
designated “ weighted overlap,” 06% : 


weighted number of repeated nouns 





total number of nouns 


where repeated nouns received differential values according to their appearances. If a 
noun was repeated in the same sentence, it received a value of 1, if it was repeated in 
a succeeding sentence, a value of 2. Thus, for example, if a noun appears twice in 
each of two sentences, a value of four would be added to the total number of nouns. 
A value of four would be added to the weighted number of repeated nouns, one for 
the second appearance in the first sentence, two for the first appearance in the second 
sentence and for the second appearance in the second sentence. (If it is desirable to 
restrict the range of the index to keep it from assuming negative values, change the 
weights of repeated rouns from 1 and 2 to 1/2 and 1.) 

Where 0% was calculated, C% was affected since the value given to the number of 
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repeated nouns changed. Thus: 
total number of nouns — weighted number of repeated nouns 





C% = 
total number of words 
Thus, excluding pronouns, two values of the index were calculated : 


_ 0% 
a) r= 
(2) ¢ - % 


cH 

Two additional values of the index were calculated as a result of the inclusion of 
pronouns. Pronouns used in place of a noun which previously appeared in the text 
were considered noun repetitions (other pronouns were ignored except for their 
contribution to the total number of words), thus changing the values of O% and C% 
as well as 0% and C%: 





0% 
(3) Lb = C% 
(4) p =2% 


The four methods of calculating the index were subjected to test to determine which 
of the four was the most efficient measure of contingency. 


PROCEDURE 


Ten sections, each eight sentences long, of English text were selected from widely 
varying sources (e.g., Feigl, H. 1959; Inkeles, A. 1959; Pearson, K. 1957). The 
sections were composed of 150-200 words with a mean word length of 183-3 words. 
Four index values were calculated for each of the ten sections providing four bases 
upon which the sections could be ranked for contingency. 

Contingency was operationally defined as reconstructibility. That is, given a section 
of text from which sentences are taken and presented in random order, an individual 
can impose an ordering on the sentences according to some set of instructions. (For 
instance, “ arrange these sentences in the best order,” “ the order in which you think 
they should be,” “the order which the author used,” etc.) In the present instance, 
each of the eight sentences of a section of text was reproduced on separate strips of 
paper and presented to a group of subjects with the instructions to “ arrange these 
sentences in the order in which you think they should be.” Possible order effects were 
controlled by rotating the positions of the sentences in the sets presented to the 
subjects. If a group of subjects exhibited a high degree of agreement on the arrange- 
ment of a set of sentences, that set of sentences was considered to have high recon- 


1 A list of the exact passages used can be obtained from the senior author upon request. 


LO 








S. W. Becker, A. Bavelas and M. Braden 143 


structibility or high “ contingency.” Conversely, low agreement on the ranks assigned 
to the sentences was deemed low contingency. Each subject ordered ten sets of eight 
sentences. 

The subjects were two groups of 26 freshmen and sophomore students enrolled at 
San Jose State College. The first group’s sentence reconstructions were used to 
determine which of the four forms of the index was most efficient. The degree of 
agreement of the subjects’ orderings of the ten sets of sentences was determined by 
the use of Kendall’s Coefficient of Concordance. The ten sets were then ranked from 
low reconstructibility (low degree of agreement) to high reconstructibility. Each of the 
four rankings for contingency, arising from the different forms of the index, was 
correlated with the reconstructibility ranking, determined from the subjects responses. 
The form of the index which yielded the ranking that correlated most highly with the 
reconstructibility ranking was selected as the best, or most efficient, index of con- 
tingency. The same sets of sentences were presented to the second group of 26 
subjects as a test for the following hypothesis. 

There is a positive correlation between sentence contingency, as measured by the 
Index of Contingency, and sentence reconstructibility. 


RESULTS AND DISCUSSION 


A coefficient of concordance, (W), was computed for each of the ten sets of 
sentences from the responses of the first group of 26 subjects (Siegel, 1956). The ten 
sets were then ranked for reconstructibility based on the W values and then correlated 
with the rankings for contingency derived from the use of the four indexes. The 
various values and the five rankings are summarized in Table 1. The correlations 
(Spearman Rho) between the rankings are summarized in Table 2. 

The index whose ranking showed the highest correlation (Rho = 0-75) with the 
reconstructibility ranking was J» and on the basis of these results it was decided that 


~~ OY 
b= ~~ was the best measure of the contingency of sentences. 
o 
- 0% 
The entire analysis, using only J» = - 7, was repeated with the second group of 
oO 


26 subjects. The reconstructibility ranking derived from the responses of the second 
group differed slightly from that of the first group, the correlation between the second 
reconstructibility ranking and the ranking based on the contingency index reached a 
value of Rho = 0-64 with p < 0-01. 


“a 7\ 0 
The conclusion is made, based on these data, that J> = pa is a valid measure of 


‘oO 


* If the rhos are treated as Pearson r’s and the standard error of the r’s is calculated by using 
the Fischer z transformation it would be seen that that standard error equals 0-21 while the 
difference between the correlations is only 0-11 so that there is no basis for considering the two 
correlations as significantly different. 
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TABLE 1 
TEXT WwW RANK I RANK I RANK i. RANK | RANK 
A 0.26 6 2.44 8 6.50 g 1.29 1 3.64 6 
B 0.24 5 2.69 9 8.88 9 1.60 3 2.07 1 
es 0.35 7 0.25 1 0.52 1 2.29 5 15.17 10 
D 0.12 1 2.35 7 5.27 7 1.59 2 2.45 2 
E 0.36 8.5 1.18 4 1.80 3 2.28 4 9.33 9 
F 0.16 2 3.73 10 11.66 10 3.40 9 3.16 4 
G 0.36 8.5 0.45 2 0.89 2 2.71 6 6.85 8 
H 0.43 10 2.07 6 4.55 6 2.94 7 4.05 7 
I 0.23 4 1.61 5 2.38 5 3.06 8 3.21 5 
J 0.20 3 0.94 3 2.11 4 4.91 10 2.88 3 


Rankings of sets of sentences for reconstructibility and contingency. 


TABLE 2 
I T I, Ee 
W 0.43* 0.43* 0.40* 0.75** 


* 0.005 < p < 0.01 
= 9 < O61 


Correlations between reconstructibility ranking and contingency rankings. 


the contingency of sentences, subject to the restriction that contingency be defined as 
reconstructibility. 

It is, of course, obvious that the index is not a perfect measure of contingency even 
with the restriction. Further tests with different texts should be made in an attempt 
to refine the index. When such refinement is achieved, it would then be possible to 
use the index as an independent variable which, perhaps, would be of greater interest 
than would be the development of the index for its own sake. 

It seems possible that communication between friends and strangers might be 
characterized by different degrees of sentence contingency. Perhaps the effects of 
attitude inducing communication varies as contingency varies. More likely than not 
the decision to continue participation in a communication situation depends on the 
contingencies of the content of that communication. If one knows what is going to be 
said at a particular lecture, he is less likely to attend than if he thinks new information 
will be disseminated. 

The formal lecture or speech is a situation where the index might profitably be used 
as an investigative tool. Questions could be asked regarding fluctuations in the index 
when lecture material is analyzed in sections of words 1 to 100, words 2 to 101, words 
3 to 102, etc.; or sections of words 1 to 100, 101 to 200, 201 to 300, etc. The degree 
of effectiveness of communication or its interest to the listener could then be associated 
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? with fluctuations in the index. It seems logical to hypothesize that there is a curvilinear 
relationship between effectiveness of communication and index value. Where the 
index is very low effectiveness might be low because the concept words would be 

‘ appearing with great frequency and diversity, approaching a random generation of 
nouns (concept words) ; where the index value is very high the constant repetition 
might induce boredom and lack of interest in the listeners. It should be meaningful 

4 then to specify optimum levels of the index in order to enhance communicative 
effectiveness. 

Humour is another possible area of investigation. An old joke usually evokes less 
laughter than a new one because there is considerably greater contingency associated 
with the “ punch-line.” 

Does the rate of learning change as the contingency of material to be learned 

’ changes ? 

Because of these, and many other possible areas of inquiry, it is felt that the index of 
contingency can be a powerful tool in the investigation of the uses and effects of 

i verbal and written communication. 
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SOME FURTHER RESULTS ON THE RESOLUTION OF 
AMBIGUITY OF SYNTACTIC FUNCTION BY LINEAR 
CONTEXT* 


AssyA HuMECKY and ANDREAS KOUTSOUDAS 
University of Michigan 


A modified procedure for identifying the Russian -o/-e/-ee adverbial modifier or 
predicative complement and providing its correct English equivalent by mechanical 
translation. 

In an earlier paper,’ we attempted to formulate an unambiguous set of operational 
instructions which would enable an electronic computer to deal with a certain problem 
in the syntax of Russian ; namely, to identify the Russian -o/-e/-ee adverbial modifier 
or predicative complement, and to supply its correct English equivalent. The set of 
instructions which we developed was based upon the examination of approximately 
31,000 running words of Russian scientific text. 

Recently, to test the validity of these instructions, we applied them to a text 
consisting of 43,212 words,” and found that they required only minor modifications to 
handle the larger sample. On this basis it seems reasonable to suppose that the analysis 
of more texts is not likely to reveal a need for radical changes in the rules as they 
now exist. 

The following, then, is our modified procedure for dealing with -o/-e/-ee forms.’ 

After the word has been identified as an -o/-e/-ee form, check the following word 
list and if it occurs in this list, translate accordingly.‘ 

(1) bolee: Choose ‘ moreover ’ if it is immediately followed by togo which in turn is 
not followed by kotor- ; choose ‘ more’ elsewhere. 

(2) menee: Choose ‘nevertheless’ when it is immediately preceded by tem ne ; 
choose ‘ less ’ elsewhere. 


* We wish to thank W. H. Dewey, }. O. Ferrell and L. Matejka of The University of Michigan, 
and W. Bond of I.B.M. and C. Dawson of Syracuse University for their constructive discussions 
which were very helpful in the preparation of this paper. 


1 Koutsoudas, A. and A. Humecky, Ambiguity of Syntactic Function Resolved by Linear 
Context, Word 13:3.405-15 (1957). 


2 Our sample was chosen from the Zurnal éksperimental’noj i teoreticeskoj fiziki (Fournal of 
Experimental and Theoretical Physics) 29:5,6.537-692,748-61 (1955). 

> Henceforth we shall use the following signs: (/) = (or); (+) = (obligatory) ; (~) = (not, 
negation) ; (+) = (optional). 

* The following is a list of -o/-e/-ee forms the translation of which will always be the single 
English equivalent indicated: dalee ‘further’, interesno ‘ interesting’, izvestno ‘is known’, 
kacestvenno ‘qualitatively’, kolicestvenno ‘quantitatively’, krajne ‘extremely’, ljubezno 
‘kindly’, naibolee ‘most’, neposredstvenno ‘immediately’, nezavisimo ‘ independently ’, 
neveliko ‘small’, nevozmozno ‘ impossible’, otdel’no ‘ separately’, preimuScestvenno ‘ mainly ’, 
primenitel’no ‘ with respect to’, primerno ‘ approximately’, principial’no ‘in principle’, ranee 
‘earlier’, ravno ‘equal’, soglasno ‘according to’, svojstvenno ‘proper’, veliko ‘great’, 
Zelatel’no ‘ desirable ’. 





; 
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? (3) neobxodimo: Choose ‘necessarily’ if it is immediately followed by dolzn- ; 
choose ‘necessary’ elsewhere and preface it with ‘is/are’ if neobxodimo is 
neither preceded nor followed by an auxiliary word.’ 

' (4) neskol’ko: Choose ‘ somewhat’ if it is immediately followed by a verb® or by an 
ACM* not in the genitive case ; choose ‘ several ’ elsewhere. 

(5) otnositel’no: Choose ‘ relatively’ if it is immediately followed by a participle or 

, an adjective ; choose ‘ with respect to’ elsewhere. 

(6) sobstvenno: Choose ‘ proper ’ if it is immediately followed by a noun and reverse 
the order of sobstvenno and the noun in translation ; choose ‘ actually ’ elsewhere. 
(7) sootvetstvenno: Choose ‘ corresponding to’ if it is immediately followed by the 
dative case of a noun or ACM ; choose ‘ respectively ’ if it is immediately preceded 
or followed by more than a single noun, formula, or ACM ; choose ‘ correspond- 

’ ingly ’ elsewhere. 

(8) sovmestno: Choose ‘ together ’ if it is immediately followed by s ; choose ‘ simul- 
taneously ’ elsewhere. 

i (9) vozmozno: Choose ‘ maximally’ if it is followed immediately by an -e/-ee form ; 
choose ‘ possible’ elsewhere and preface it with ‘is/are’ if vozmozno is neither 
preceded nor followed by an auxiliary word. 

’ If the -o/-e/-ee form is not found in the above list, continue examination of its 

environment’ and apply the translation rules below. 
(1) Choose the adverbial translation if: 

(a) the -o/-e/-ee form is preceded or followed by a verb other than infinitive ; is 
preceded by an auxiliary word and followed by an infinitive ; or is preceded 
by an infinitive and followed by an auxiliary word. 

Examples: temperatura bystro vozrosla 

» the temperature quickly rose 

) sosud oxlazZdaetsja medlenno 

the vessel cools off slowly 
mozZno formal’no vvesti 
can be formally introduced 

(b) the -o/-e/-ee form is preceded or followed by an ACM ; if the ACM preceding 

} the -o/-e/-ee form is a pronoun, however, an ACM which is not a pronoun 

i must follow the -o/-e/-ee form. 

Examples: polucennye vyse rezul’taty 
the results obtained above 


* The designation “ auxiliary word” refers to the following words only (and their inflected 
form, if any): byt’, stat’, moé’, pozvoljat’, (o)kazat’sja, prixoditsja, sleduet, nacinat’, neobximo(st’), 
vozmozno(st’), mozZno, nel’zja, dolzno. The terms “verb” and “ infinitive”, however, refer to 
any verbs and infinitives, except the auxiliary words. 


'An ACM (Adjective Class Member) includes adjectives, participles, ordinal numerals, and 
} pronouns. See “ Ambiguity of Syntactic Function Resolved by Linear Context,” op. cit. p. 407. 

’ By environment we here mean a maximum of two units on either side of the ambiguous 

form(s). A unit is any word or punctuation mark except the following: (1) words in brackets, 
i (2) all non -o/-e/-ce adverbs, and (3) the words a, by, no, libo, ne, and Ze. 
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(2) 


(3) 


v slucae medlenno menjajuscegosja polja 
in the case of a slowly changing field 
za éto beskoneéno maloe vremja 
in this infinitely small time 
(c) the -o/-e/-ee form is preceded by a period or comma and is followed by a 
comma which in turn is not followed by cem or ¢to. 
Examples: Dejstvitel’no, znacitel’noe . . . 
Indeed, a considerable . . . 
svojstva, verojatno, smoZet 
property, probably, will be able to 


(d) the -o form is preceded by a dash. 
Example: —priblizenno. 
—approximately. 


(e) the -e/-ee form is preceded or followed by the abbreviation sm. which in turn 
is not preceded by a numeral. 
Examples: (sm. nize, ris. 14) 
(see below, fig. 14) 
(podrobnee sm. 2) 
(in more detail see 2) 


If two consecutive -o/-e/-ee forms occur, choose the adverbial translation for both 
if rules (1) (a) or (1) (b) apply. If neither of these two rules apply, choose the 
adverbial translation for the first and the adjectival for the second (reverse the 
order if the first -o/-e/-ee form is a member of our first word list). 
Examples: vozbuZdenija dovol’no Casto soprovozZdajutsja 

the disturbances are rather frequently accompanied 

proisxodit krajne redko. 

occurs extremely rarely. 

mogut dovol’no sil’no otlicat’sja 

can rather strongly differ 

provedeno soversenno analogicno 

(was) conducted absolutely analogously 

v predpolozenii dostatoéno sil’no vyrazennogo 

considering a sufficiently strongly expressed 


The remaining -o/-e/-ee forms to which the above rules do not apply are 
predicative and receive an adjectival translation which is prefaced by ‘ is/are’ in 
all cases except the following: obyéno immediately preceded by kak and followed 
by a comma. 


Once the word is established as a predicative complement (either by the word list or 
the rules), use the following additional rules for the re-ordering of the verb ‘ to be’ and 
the placement of pronouns, articles, and the conjunction ‘ than ’. 


(1) 


In a sequence + Gem + -e/-ee + formula/noun, put ‘is/are’ after -e/-ee and 
‘the’ before it ; do not translate Zem. 


pis 


(2) 


(3) 


(4) 


(5) 


(6) 
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Example: , Cem bol’Se X 

, the greater is/are X 
In a sequence + tem + -e/-ee + comma + Gem, or + Cem + -e/-ce 
+ comma + tem, put ‘is/are’ before -e/-ee ; and translate tem and em as ‘ the’. 
Example: znacenie X tem bol’Se, Cem . . . 

the value of X is/are the greater the .. . 
In a sequence ~ tem + -e/-ee + comma + Cem, put ‘is/are’ before -e/-ee ; 
translate em as ‘ than ’. 
Example: znacenija X v 2-3 raza bol’Se, Cem 

the values of X is/are 2-3 times greater than 
In a sequence + verb + -e/-ee + ACM/formula/noun, put ‘than’ after -e/-ce. 
Example: velicina énergii okazalas’ men’Se vysoty 

the magnitude of energy turned out to be smaller than the degree 
In a sequence + period + two -o forms + noun, put ‘is/are’ after the two -o 
forms. 
Example: Osobenno xarakterno otnoSenie 

Especially characteristic is/are the relation 
In such sequences as (1) + period + -o + comma + éto, (2) + kak + -0/-e/-ee ~ 
ACM, (3) + period + two -o/-e/-ee forms + infinitive, and (4) ~ auxiliary word 
+ -o/-e/-ee + infinitive, put ‘it is’ before -o/-e/-ee ; erase ‘ is/are ’.° 


Examples: (1) SuScestvenno, cto 
It is essential that 
(2) kak izvestno 
as it is known 
(3) Bolee estestvenno scitat’, cto 
It is more natural to suppose that 
(4) Tak kak trudno predpoloZit’ 
Since it is difficult to imagine 


® These rules do not account for the correct English translation of such Russian examples as 
“V etom slucae osobenno jasno, éto”, ‘In this case it is especially clear, that’. Although such 
phrases did occur in our text, their patterning was not immediately apparent and must, therefore, 
await an analysis of larger samples of text. 
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THE MEASUREMENT OF GRAMMATICAL CONSTRAINTS 


H. H. Somers, S.J. 
University of Louvain 


By means of the coefficient of constraint (D) it is possible to measure the constraint 
exercised by one grammatical type on another, calculating the redundancy of the nth 
grammatical type when only the first of the chain is known.—The results of the 
computation are presented, calculated on three Greek texts of the New Testament: 
the Gospel of St. John, St. Paul’s First Epistle to the Thessalonians and the Epistle 
to the Hebrews. The conclusion is reached that Paul’s Epistles have identical features 
and that, taking into account the individual differences between Paul and John in level 
of entropy, the constraint is greatest for the second type in the chain, the relative 
constraint being practically the same for the three texts. 


THE PROBLEM 


Mathematical communication theory has been used by Shannon to calculate the 
information transmitted by sequences of n letters. These formulas have also been used 
to calculate the uncertainty of the nth letter when n — I letters are known. These 
measures of linguistic constraint are equally adjustable to the measurement of 
grammatical constraint: that is, the cohesion of words. One of the aspects of this 
cohesion is the impact of one linguistic type on another in the sentence. When we 
wish to calculate the strength of this impact, we can try to answer questions like the 
following: when one knows that the first word is a preposition, how accurate will be 
the prediction that the next word will be a substantive ; when one knows that the first 
word is an article, what is the probability that the third word will be a verb? The 
coefficient of constraint, as we shall define it, gives an over-all measure of the mean 
cohesiveness of the text and is an indication of stylistic versatility, regularity or rigidity 
in the use of grammatical types, such as substantives, verbs, articles, adjectives, pre- 
positions, etc. The present investigation is a part of a series of studies on the 
mathematical analysis of language and style with special application to biblical texts 
(Somers, 1959). The different categories of grammatical types have in human language 
the role of coded indications of the functions of these concepts in the sentence ; 
specifically, the distinct “‘ indicators ” of the “ substantiveness ” or the “ adjectiveness ” 
of a word are very redundantly coded expressions of the relatedness of the words in a 
sentence. They express a certain degree of cohesion of the signs in human language ; 
this degree we want to measure. 
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METHOD 


The first step in the analysis of constraint is the coding of the text. Therefore we 
choose a 1,000-word sequence in each of the three texts, which are as much different 
from one another as possible: The Gospel of St. John, The Epistle to the 
Thessalonians and the Epistle to the Hebrews. Each word is coded as a number 
indicating the category of grammatical type to which it belongs, as follows : 


CODE 


substantive 

verb 

article 

pronoun 

preposition 

adjective or adverb 

conjunction (and) 

particle (except subordinations, conjunctions and negations) 
subordinations (including relative pronouns) 

negations 


SCUWUMANNAURWN 


In this way we obtained a long chain of 1,000 symbols for each text. 
E.g. (Gospel of St. John) : 


§5123173125317123142515316662754 
2869254127312313173153127314022 
1251141425192531962540243189253 
B23433692613235331333327 


From such chains it is easy to compute successively the probability of each symbol 
and of each digram of two symbols. Further it is possible to obtain different kinds of 
digrams : first, one symbol and the immediately succeeding which we indicate (1,2) ; 
secondly, one symbol and the third or the fourth or more generally the nth symbol 
after the first considered, which we indicate as the digrams (1,3), (1,4), (1,5)... 
(1,n). Thus we may obtain different tables of transition probabilities. Calculating the 
conditional entropy of the second member of the digram gives us the solution of our 
problem: a measure of the indetermination or uncertainty, if we calculate the entropy, 
a measure of the constraint if we calculate the redundancy of the symbol. 


RESULTS 


First we obtain a table with the probabilities of the symbols in each chain (Table 1). 
From Table 1 we obtain the H, (entropy) of the chain : (first order entropy), according 
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TABLE 1 
jo. THESS. HEBR. 
0 022 026 024 
1 213 225 218 
2 233 151 183 
3 139 138 146 
4 131 137 110 
5 083 112 095 
6 044 051 073 
7 069 071 044 
7 025 052 057 
9 041 037 050 
s 1000 1000 1000 


Frequency of symbols. 


to the formula of Shannon: 


H == -2 Pi log: Pi (1) 
t 
jo. THESS. HEBR. 
H, 2.95 3.06 3.06 


The first finding is the striking similarity of the two Pauline texts and their 
dissimilarity to the Gospel of St. John. As we shall see, this fact will be confirmed by 
all the other results. 

Next we obtain the tables of the frequencies of the digrams (1,2), (1,3), (1,4), (1,5), 
(1,6), (1,7), (1,12). The results for (1,3) and (1,4) of the Gospel of St. John are shown 
in Tables 2 and 3; (the results for (1,4) to (1,12) are practically identical). 

From these tables we calculate the entropy, the conditional entropy and the 
coefficient of constraint according to the following formulae : 


Hii) = - > pli) log. pli, (2) 
1, 
H,(n) = H (ln) — H (1) (3) 
H, — H,(n) H,(n) 
D =———=1- (4) 





H, H, 
where H(i,j) is the entropy of the digram ; 
H,(n)is the conditional entropy of the nth type if the first type of the chain is 
known ; 
H(1,n) is the common entropy of the first type with the nth type ; 
H(1) is the entropy of the first order ; 
D is the coefficient of constraint. 
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TABLE 2 
l 2 3 4 5 6 7 
3 3 1 3 2 1 3 
51 63 14 19 31 3 18 
49 42 33 41 19 19 12 
31 41 26 15 3 a 6 
20 34 20 12 5 2 19 
22 16 13 11 4 3 6 
10 10 5 - 6 5 1 
17 8 18 9 9 5 1 
5 8 2 6 1 1 0 
4 8 7 11 2 1 3 
Gospel of St. John: (1,3) digram frequencies. 
TABLE 3 
1 2 3 a 5 6 7 
3 7 3 3 3 0 2 
53 50 33 28 9 7 ll 
45 54 36 29 24 6 17 
28 39 18 11 10 8 9 
27 25 ia 25 10 4 14 
19 15 1l 11 4 8 5 
11 12 7 6 2 4 1 
17 15 10 6 11 4 5 
3 6 3 4 3 0 3 
6 10 3 8 6 3 2 
Gospel of St. John: (1,4) digram frequencies. 
TABLE 4 
Jo. THESS. HEBR. 
H(1) 2.95 3.06 3.06 
H,(2) 2.56 2.69 2.70 
H,(3) 2.82 2.96 2.92 
H,(4) 2.89 2.99 2.99 
H,(5) 2.87 2.97 2.99 
H,(6) 2.87 2.97 2.97 
H,(7) 2.88 2.98 2.99 
H,(12) 2.88 2.98 2.99 


Entropy. 
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TABLE 5 

jo. THESS. HEBR. MEAN 
D,(2) 0.132 0.121 0.118 0.123 
D,(3) 0.044 0.033 0.046 0.041 
D,(4) 0.020 0.022 0.022 0.021 
D,(S5) 0.027 0.029 0.022 0.026 
D,(6) 0.027 0.029 0.029 0.028 
D,(7) 0.024 0.026 0.022 0.024 
D,(12) 0.024 0.026 0.022 0.024 


Coefficient of constraint. 


In Table 4 are presented the results of these computations: the total sequential 
entropy of the nth type if the first is known. In Table 5 we find the coefficient of 
constraint, which is a relative figure varying from 0.00 to 1.00. 


DISCUSSION AND CONCLUSIONS 


Two major results are obtained : as shown in the first figure, there is a difference 
in level between the Pauline writings and the Gospel of St. John together with a 
striking similarity of the function of constraint. Secondly, as shown in the second 
figure, there is practically no statistical difference within the Pauline writings even when 
conceptually so different as the First Epistle to the Thessalonians and the Epistle to 
the Hebrews. 

Third, considering the last figure, the relative constraint is identical in the three 
chosen texts. 

Clearly, the constraint will be greater if we take into account the elements them- 
selves, but the coefficient of constraint is a much more reliable and precise index 
because it is based on the totality of the given elements and their frequency. 

The D-coefficient is a very reliable and precise instrument for purposes of exact 
measurement. A long and painstaking study of each of the grammatical types in all 
the major texts of the New Testament has given the same results as are presented 
here and obtained with a direct and simple method. 

More generally, Shannon found that the total redundancy of the English language 
should be about 0.77. Here it has been found that about 15% of the redundancy is 
due to grammatical (and logical) constraints of the type studied; so there remains 
62% for phonetic, syllabic and stylistic constraints. It is known that about 50% of 
the total redundancy is due to phonetic and morphological constraints, so that there 
remains 12% for broader logical and other constraints. 
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Fig. 1. Conditional entropy for digrams: First Epistle to the Thessalonians and Gospel of 
St. John. 
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Fig. 2. Conditional entropy for digrams: First Epistle to the Thessalonians and Epistle to the 
Hebrews. 
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Fig. 3. Mean function of constraint. 
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PREDICTION OF WORD-RECOGNITION THRESHOLDS ON 
THE BASIS OF STIMULUS-PARAMETERS* 


Kaus F. RIgGEL and RutH M. RIEGEL 
University of Michigan 


The effect of stimulus-parameters on word-recognition thresholds was investigated. 
Fifty words were tachistoscopically administered to 24 subjects with an average age 
of 16-4 years. Of the 40 parameters analyzed, the following were the best predictors of 
the thresholds and were included in a multiple regression equation: (a) Classification 
of words into concrete nouns vs. all others; (b) Classification of words with vs. 
without prefixes ; (c) Logarithms of word-frequencies ; (d) Number of letters. 

The multiple correlation (0-74) and the correlation with the logarithms of word- 
frequencies (—0-50) are surprisingly low. 

The correlations could be raised considerably if counts of children’s rather than 
adult’s language were used. Based on this finding and the high correlation between 
thresholds and our classification of concrete nouns and other words, it was concluded 
that recognition of words is to a greater degree dependent on the frequency with which 
subjects had prior experiences with objects (or perceptual images) rather than on the 
frequency with which subjects had perceived or used the names attached to them. 


Despite some initial suggestions by Cattell (1885, 1886) and Ranschburg (1913, 
1914), little attention has been given to the analysis of stimulus-parameters which affect 
the recognition thresholds for verbal material, such as number of letters, number of 
syllables, word-frequency, etc. Only during the last decade, and as part of the 
resurgence of interest in social perception, considerable effort has been directed toward 
such an analysis. Most of the resulting studies deal with visual recognition of syllables 
or words, employing methods in which either degree of illumination or, more often, 
tachistoscopic exposure time was increased in equal or logarithmic intervals. Particular 
emphasis has been given to the effect on thresholds of word-frequency, word- 
probability, or word-familiarity. In order to control this parameter the following 
procedures have been applied. 

(1) The acquaintance with the stimulus-material has been varied by using nonsense 
syllables or words in an alien language. In these studies, subjects had to go through a 
pack of cards and had to read and/or spell the printed syllables before thresholds 
were measured. Usually, the frequencies of the syllables were varied in steps of: 


* The study was conducted at the Department of Psychology, University of Hamburg (former 
Director, Dr. C. Bondy) and was, in part, aided by the Foundations’ Fund for Research in 
Psychiatry, New Haven, Connecticut. During parts of the analysis the second author held a 
Post - Doctoral Fellowship from the National Institute of Mental Health, United States Public 
Health Service. The computations were completed at the Computing Center of the University 
of Michigan with the assistance of P. Tomlinson. The authors are indebted to the above 
persons and institutions but particularly, to the students who helped to collect the data. 
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25, 10, 5, 2, and 1. Using this procedure, many investigators (Solomon and Postman, 
1952 ; King-Ellison and Jenkins, 1954; Baker and Feldman, 1956; Postman and 
Rosenzweig, 1956; and Forrest, 1957) obtained correlations up to —0-99 between 
logarithms of word-frequencies and tachistoscopic recognition thresholds. 

(2) Miller, Bruner, and Postman (1954) varied word-frequency by using eight-letter 
sequences of four orders of approximations to English. The higher the order, i.e., the 
more familiar the sequences to English readers, the lower were the thresholds. As first - 
suggested by Cattell (1885, 1886), the amount of information perceived at a given speed 
seems approximately constant for subjects. 

(3) In most studies such as that of Howes and Solomon (1951), meaningful words 
have been used as stimuli. These authors measured thresholds for 60 words of different 
length representing the six value areas proposed by Spranger-Allport-Vernon. Almost 
all words were abstract nouns, verbs, or adjectives. The correlations between logarithms 
of word-frequencies as determined by the Thorndike and Lorge counts (1944) and 
median or mean recognition thresholds ranged from —0-56 to —0-79. The authors 
also observed that subjects often tended to guess words which have higher frequencies 
of occurrence than the stimulus words. Accordingly, frequency seems to influence 
subjects’ responding rather than perceiving. This generalization is further supported 
by the work of Goldiamond and Hawkins (1958). 


In addition to assessing the effect of word-frequency, Howes and Solomon found a 
decrease in threshold as a function of practice. Other significant findings indicate that: 

“ With frequency held constant, (1) letters composed of only a few continuous lines 
(1, J, L, T) tend to have low duration thresholds ; (2) letters in which the white back- 
ground is chopped up by numerous lines (M, N, S, W), or those in which the white 
background lies at the centre of the letter so that its lines are closer to surrounding 
letters than to each other (U), or those whose striking similarity of form leads to 
conflicting responses (C, G, 0), tend to have high thresholds ; (3) words with average 
syllable lengths of less than 2-75 letters (which was the mean for all 60 words) tend 
to have lower thresholds than words made up of longer syllables ; (4) words with 
repetitive patterns of letters, of the form AA, ABA, ABAB, tend to have low duration 
thresholds.” (Howes and Solomon, 1951, pp. 408-409.) 


Kristofferson (1957) reported a substantial correlation between Nobel’s index of 
meaningfulness and thresholds. However, his findings are not congruent with Taylor’s 
(1958) results, since different methodologies were employed. Finally, a number of 
investigators (Mishkin and Forgays, 1952 ; Forgays, 1953 ; Orbach, 1952; Melville, 
1957 ; and Terrace, 1959) have observed that recognition is facilitated if words appear 
at the right of the fixation point, possibly because attention is immediately directed 
toward the first letter, which is more important for recognition than the subsequent 
letters. This result also sheds light on the effect of word length on recognition 
threshold, since longer words are more likely to extend widely over the visual field. 

In spite of the detailed information reported, little is known about the precise inter- 
action of the various factors. The following study was undertaken to derive a multiple 
regression equation for the prediction of word-recognition thresholds on the basis of 





a es 





pean ~ 


K. F. Riegel and R. M. Riegel 159 


stimulus-parameters. A comprehensive analysis of this type was particularly desirabie 
in our case, since German words and subjects were employed, and all previous studies 
have been conducted with English-speaking subjects. Since we obtained a moderate 
correlation only between logarithms of word-frequencies and thresholds, most of our 
discussion will centre around differences between our own and earlier results and 
around the attempt to derive interpretations congruent with both. 


METHODS 


The present study is part of an investigation on perception, association, and verbal 
achievements of young and old subjects. Here, an attempt was made to transform five 
multiple-choice achievement-tests (synonyms, antonyms, selections, classifications, and 
analogies: Riegel, 1958, 1959a) into conditions of an experiment on perception. For 
this purpose, samples of ten stimulus and ten response words representing all levels 
of difficulty of the test items, were selected from each test and presented tachisto- 
scopically to the subjects. In order to make the experimental results obtained for the 
five different tests and three different conditions comparable with each other inter-word 
differences had to be eliminated, i.e., the recognition thresholds had to be corrected for 
differences in the objective characteristics of the words used. This led to the following 
analysis, which is based on data for the 50 stimulus words only. 

Twenty-four subjects were selected from files of a skilled-trade school in Hamburg. 
There were twelve boys, most of whom were trained as metal workers, and twelve 
girls, who were trained as technical draughtsmen and stenographers. The mean age 
for the total sample was 16-4 and the standard deviation 0-9 years. 


The tachistoscope used’ resembled that of Dodge-Gerbrands. All 50 words (given 
with their English translations in Table 1) were typewritten in capital letters on 
6 x 9 cm. translucent slides leaving one blank space between adjacent letters. The 
words appeared at the centre of a visual field illuminated in a light reddish colour (due 
to the particular neon bulb used). The screens were located at a distance of 30 cm. 
from subjects’ eyes. The subject pushed a button to release the stimulus-words ; but 
the experimenter could override and parallel the subject’s actions. In order to eliminate 
fluctuations in accommodation and adaptation, the exposure of the words was immedi- 
ately followed by the exposure of a blank screen. Subjects were also instructed not 
to remove their faces from the eye-shade. 

As a demonstration, the word “KELCH™” (goblet) was administered. The ten 
stimulus words of each test were randomized for each subject. Seven days elapsed 
before the next set of ten words was administered, and the order of the five sets was 
systematically varied between subjects. The following instruction was given: 

“When you press that button, a word will appear on the illuminated screen. Your 


'The authors are indebted to Dipl. Psych. D. Wendt, Dr. H. W. Wendt, Mr. R. Facob, 
Dr. H. Reinecke, and Dipl. Ing. K. Biereichel for the construction of the apparatus. A detailed 
description of the apparatus and the procedures has been prepared by Wendt, 1959. 
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TABLE 1 
STIMULI TRANSLATIONS Tests THRESHOLDS FREQUENCIES ' 
| 
VOGEL (bird) Ag 55 2.49 
KLEID (dress) Cl 61 2.53 
SEE (lake, sea) Cl 65 3.32 
KOHL (cabbage) Cl 69 1.61 
LIED (song) Ag 69 2.73 ' 
KASE (cheese) Cl 71 1.97 
FEUER (fire) Se 73 3.56 
STEIN (stone) Se 73 3.31 
ZEITUNG (newspaper) Cl 73 2.96 
WASSER (water) Ag 75 3.69 
SCHIFF (ship, vessel) Se 75 3.22 
STALL (shed, stable, stall) Se 75 2.20 | 
GARTEN (garden) Se 84 3.07 
BENZIN (gasoline, fuel, gas) Se 84 1.23 
ZEICHNUNG (drawing, design, sketch) Cl 87 3.02 
BUCHT (bay, inlet) Ag 87 1.91 
GEWICHT (weight) Ag 90 3.09 
WURFEL (die, dice, cube) Se 90 2.37 
HAMMER (hammer, knocker) Cl 90 2.06 f 
LOKOMOTIVE (engine) Ag 94 1.83 
FOLGE (order, series, consequence, 
continuation, succession) At 98 3.71 
SCHMIED (smith) At 98 1.93 
EINGESTEHEN (allow, grant, confess) At 98 1.53 
REGEN (rain) Cl 98 3.11 
KAFFEE (coffee) Se 106 2.74 
GARBE (sheaf) Se 106 1.72 
OPPIG (rank, luxuriant, sensual, sumptuous, 
voluptuous) At 106 1.61 ? 
POSAUNE (trombone, trumpet) Cl 106 1.30 
KIRCHE (church) Ag 110 3.29 
BANAL (banal, commonplace, trife) Sy 116 —1.00 
FLIEGEN (fly) Cl 125 2.66 
ORIGINAL (original) At 140 2.56 
VERWANDELN (alter, figure, mute, transform) At 145 2.29 
ORCHESTER (orchestra, band) Se 145 2.29 p 
FACKELN (hesitate, delay, linger, loiter, 
temporize, waver) Sy 145 1.81 
SPEICHER (silo, storehouse, warehouse, granary) Sy 150 1.69 
LINKISCH (awkward) Sy 150 0.70 
MONOTON (monotonous, humdrum) At 158 0.70 
, GROTTE (grotto) Sy 162 1.40 
ERINNERN (remember, remind, recall) Ag 166 2.80 b 
GESTATTEN (permit, allow, grant) At 170 2.72 
ERBARMEN (pity) Sy 170 2.10 
HINDERN (prevent, hinder, impede, obstruct) At 190 2.81 
TRIFTIG (cogent, conclusive, convincing, 
forcible, plausible, valid) Sy 194 — 1.00 


- 
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TABLE 1 (cont.) 


ES EIGENSINN (obstinacy, selfwill, stubbornness) Sy 198 1.86 
| BELEIDIGEN (insult, offend) At 202 1.93 
OPTIMAL (optimal) Sy 210 —1.00 
BERSCHRANKUNG (restraint, confinement, constriction, 
limitation) At 210 2.51 
MEHRERE (several, sundry) Ag 234 3.20 
RELIKT (reminder, relics, residue) Sy 424 —1.00 


Stimulus-words, their translations", name of tests from which words were selected”, mean 
recognition thresholds (msec.), and logarithms of word-frequencies. 


“Translations printed in italics did not occur in the children’s counts. 
: "Sy = Synonym Test, 

At = Antonym Test, 

Se = Selection Test, 

Cl = Classification Test, 

Ag = Analogy Test. 





task is to recognize the word and to tell me after each trial what you have seen. I will 
always inform you when you may push the button.” 

All reports were recorded by the experimenter. Subjects had to recognize the 
stimulus-words correctly three times in succession. Provided that no further trials 
were requested by the subject, the third from the last measure was regarded as the 
threshold. The exposure time, which could be varied between 50 and 8800 msec., 
was increased in equal steps of approximately 10 msec. (or exactly 5 scale-units on the 


apparatus timer), beginning with the lowest exposure time of 50 msec. 

RESULTS 
| In the first part of the analysis, the recognition thresholds were correlated with 
p approximately 40 word-parameters, the most important of which are given in Table 2. 


The relative variation of letters (or vowels) denotes the number of different letters (or 
vowels) divided by total number of letters per word. Both correlations are negative and 
suggest that the fewer the repetitions, the more rapid is the recognition of the word. 
This should be particularly true for vowels which, being few in number, carry on the 
average, less information than the consonants. Thus, if one particular vowel occurs 
b repeatedly in a word, the subject has to study the other elements quite carefully. 
These results support the findings of Ranschburg (1913, 1914), but not those of Howes 
and Solomon (1951). They are consistent with our positive correlation on letter 
repetition and symmetry. The corresponding index was computed by giving a weight 
of 1 to repetitions of letters, separated by one to three letter-units from each other 


| 
; 











162 Prediction of Word-Recognition Thresholds 


TABLE 2 

WORD-PARAMETERS r Tpo 
1. Number of letters 0.42** 
2. Number of different letters 0.28* 
3. Relative variation of letters —0.25 
4. Relative variation of vowels —0.32* 
5. Letter repetition and symmetry 0.36* 
6. Letter frequencies 0.39** 
7. Number of syllables 0.38** 
8. Prefix (=3) vs. no prefix (=2) 0-44** 
9. Suffix (=3) vs. no suffix (=2) 0.11 
10. Logarithm of frequencies of first syllable 0.48** 
11. Transitional probabilities —0.17 
12. Logarithms of word-frequencies —0.50** 
13. Concrete (=2) vs. non-concrete (=3) 0.66** 


*(p < 0.05); **(p < 0.01). 


Correlation coefficients between word-parameters and word-recognition thresholds. 


(e.g., EGE, NZIN, OF NDELN), and by subtracting a weight of 1 if there was a zero-distance 
between the two letters (e.g., EE). A great number of related measures have been 
analyzed in our study, but the one above proved itself of greatest value for the 
predictions. 

The index of letter frequencies was operationally defined by the occurrence of 
particular letters in those words which make up the lower and the upper 27 percentile 
of the threshold-distribution respectively. The frequencies of occurrence of the letters 
F, L, and S, in a given word were subtracted from the frequencies of the letters M, N, 
R, and T and a constant of three was added. The first are those letters which are found 
more frequently in words that are easy to recognize ; the latter in words that are hard 
to recognize. 

Next, the effect of syllables on the recognition thresholds was analyzed. The eighth 
and ninth correlations suggest that prefixes as well as suffixes delay recognition since 
they are most likely to increase the length of words. In particular, prefixes transmit a 
greater amount of information than suffixes and will be of greater importance for the 
recognition of the whole word whereas suffixes are highly redundant to the preceding 
parts and may be guessed more easily. Accordingly, subjects have to devote more time 
to the recognition of the first than of the last parts of words. This result is congruent 
with findings on the significance of the first letters of words as reported by Sumby and 
Pollak (1954), Miller and Friedman (1957) and Bruner and O’Dowd (1958). If, 
however, the first syllable occurs very frequently in the language (as do the very 
common prefixes GE-, VER-, EIN-, etc., in the German language) the information gained 
will be relatively small since the word may still continue in many different ways. 
Accordingly, our tenth correlation reveals that if a rare syllable appears at the 
beginning of a word it will facilitate recognition. 
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The above findings are supported by our index of transitional probabilities. This 
measure was obtained by adding all frequencies of words that contain the same initial 
letter sequences and then dividing the sum by the number of letters per stimulus word. 
Starting with the fourth letter, the changes in frequencies from letter to letter differ 
quite markedly between words. The computations and differences in transitional 
probabilities are demonstrated in the following examples: 


Sequences Frequencies Probabilities 
ORCH 104 1-0 
ORCHE 104 1-0 
ORCHES 104 1-0 
ORCHEST 104 1-0 
ORCHESTE 104 1-0 
ORCHESTER 104 1-0 

== 5.0 
ZEIC 3029 
ZEICH 3029 1-0 
ZEICHN 1836 0-6 
ZEICHNU 476 0-3 
ZEICHNUN 476 1-0 
ZEICHNUNG 476 1-0 

== 3.9 


The frequencies of the words as well as of the first syllables were determined by 
using Kaeding’s count (1898) of 11 million words. This count provides three numbers 
for each word: (a) Frequency of the word in its simple form ; (b) Total frequency of 
the word, i.e., number of times the word appeared either in simple form or as initial, 
middle or final part of compound forms ; (c) Number of times the word was spelled 
with a capital initial ; (d) We computed the frequencies with which the word appeared 
in simpler form or as initial part of a compound form. The four correlations did not 
differ markedly from each other. The correlation on total word-frequencies was the 
highest and is reported in Table 2. The logarithms of the total word-frequencies are 
given in Table 1. 

The highest correlation with the recognition thresholds was obtained by separating 
the words which denote concrete objects from those which do not. This class’fication 
includes on the one hand all nouns which clearly have perceivable referents and on the 
other all abstract nouns, adjectives, and verbs. It should be noted that in most earlier 
studies, such as that by Howes and Solomon (1951), a relatively small number of 
concrete nouns was employed. 

All intercorrelations between the parameters have been computed and a set of four 
variables was selected to derive a multiple regression equation. The intercorrelations of 
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TABLE 3 
WORD-PARAMETERS Y 3 2. 3. 
1. Concrete (=2) vs. non-concrete (= 3) 0.66 
2. Prefix (=3) vs. no prefix (=2) 0.44 0.49 
3. Logarithm of word-frequencies —0.50 — 0.37 — 0.02 
4. Number of letters 0-42 0-46 0-57 —0-08 


Intercorrelations between word-parameters and word-recognition thresholds. 


these four parameters are given in Table 3. The following equation and a multiple 
correlation of 0-74 were obtained : 


Y = 13.29C + 8.04P - 498 W + 0.87 L — 2.08 


C = concrete vs. other words, i.e., concrete words were given a score of 2, the others 
a score of 3. P = prefix vs. no prefix, i.e., words with prefixes were given a score of 3, 
those without a score of 2. W = logarithms of word-frequency to the base ten as 
determined by using Kaeding’s count (1898). When no frequency is reported in the 
count, a logarithm of — 1.00 is assigned to the word. L = number of letters per word. 
The last index does not contribute significantly to the prediction of recognition 
thresholds. 

Generally, the degree of multiple correlation as well as of all single correlations 
between the parameters and recognition thresholds is quite disappointing. The high 
intercorrelations may be responsible for the low degree of multiple correlation, but in 
particular this result is due to the low correlation between word-frequencies and 
thresholds which in earlier studies has exceeded the multiple correlation obtained 
above. Before any conclusions can be drawn, we have to examine some possible 
determinants of this result. There are at least four arguments which have to be 
discussed. 


THE EFFECT OF WORD-FREQUENCIES ON WORD-RECOGNITION THRESHOLDS 


(1) Since the German count by Kaeding (1898) is relatively old and may not 
adequately represent the language of today, differences in recency of the German and 
American word counts have to be considered as a possible source of error. There 
may also be differences between the languages, i.e., one may speculate that the effect 
of word-frequency on recognition thresholds is different in the two languages. Since 
these arguments cannot be attacked on the basis of our study and a modern count 
of the German language is not available, it seems quite meaningless at the present 
time to pursue these questions any further. 

(2) The low correlation between logarithms of word-frequencies and thresholds may 
be due to the particular shape of the distributions of word-frequencies. We became 
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aware of this possibility in a pilot analysis of the present data (Riegel, 1959b) which 
included fewer words with high frequencies. The omission of these words curtails the 
distribution and reduces the correlation from —0-50 to —0-05. Primarily this marked 
change is due to the assignment of logarithms of — 1-00, i.e., frequencies of 0-1, to 
stimulus words which did not appear in the word count at all. In this procedure we 
followed Howes and Solomon (1951), although we realized that the corresponding 
words would occur only once among 110 million German words and once among 
45 million words of the American Magazine Count while the next words recorded 
occur as frequently as 7 times among the 11 million German words (only words with 
frequencies of 8 or above are reported) and once among the 4-5 million words of the 
American Magazine Count. 


Aside from these rare words, the distributions of the logarithms are quite regular 
but somewhat flat. Our logarithms of the word-frequencies are, on the average, slightly 
higher than Howes and Solomon’s (2-10 in comparison to 1-73). Both standard 
deviations are equal to 1-09 after appropriate multiplications of the frequencies by 
the approximate ratio of the size of both counts had been made. In conclusion, we 
may point out the close dependency of the correlations between logarithms of word- 
frequencies and thresholds on the particular sample of words used. Owing to skewness 
and kurtosis of the distributions, Howes and Solomon’s results, as well as the present 
findings, have to be regarded as upper limits rather than average estimates of the 
relationship. However, this does not provide an explanation of the differences between 
the two studies. 


(3) The most difficult problem to discuss concerns differences in the methods 
applied. We increased the exposure time in equal intervals of approximately 10 msec. 
or exactly 5 scale units beginning with a duration of 50 msec. In a different procedure 
from our own, one could increase the exposure time in geometric or logarithmic steps. 
In most experiments, however, a combination of these methods has been applied. 
Thus, Howes and Solomon (1951), using no rigid schedule of progression, increased 
the intervals in steps of 10 or 20 msec. below the exposure time of 200 msec. In the 
range from 200 to 450 msec. they increased the time in units of 20 or 30 msec., and 
above 40 msec. they used steps of 40 msec. Moreover, they presented each flash 
duration twice. 


Arguments can be raised in favour of both procedures. Our method can be 
defended for its rigour which leaves less leeway to the experimenter whereas the 
method of Howes and Solomon is less time consuming and may better eliminate errors 
due to practice and fatigue. Although a detailed discussion of this methodological 
problem has to wait until both methods have been experimentally compared in studies 
of verbal perception, a few remarks are appropriate on the particular effect of these 
methods on the obtained correlations. 


One may argue that frequent exposures alone will lead to recognition of words even 
when the duration time is below the threshold level. The argument does not 
necessarily imply any notion about “ subception ”, since for recognition of compound 
stimuli, such as words, a subject may well concentrate his efforts at any time on the 
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identification of particular parts of that compound such as single letters or letter 
sequences. Using this strategy, a subject is likely to name the word after a few 
exposures whereas he would not have succeeded if he had tried to recognize the whole 
word all at once. This strategy will yield its greatest efficiency in the recognition of 
long and difficult words. Its successful use is revealed by many reports from subjects. 
In the case of a difficult word, subjects usually begin to report parts of it whereas, in 
the case of easy items, complete words are given quite frequently as first answers. 

Accordingly, the upper end of the scale of thresholds will be curtailed in using our 
procedure but this effect cannot be as marked when the exposure time is increased in 
progressively longer steps. Thus, the variation of thresholds will be smaller in our 
case than for results obtained by the other method and this, in turn, will have its 
effect on the correlations between logarithms of word-frequencies and thresholds. 
Comparing the distributions of thresholds as given in Table 1 and as estimated from 
Fig. 1 of Howes and Solomon’s paper does not lead to definite conclusions. Although 
our standard deviation is smaller than that of Howes and Solomon (63.21 vs. 66.71), 
this measure is confounded with many other factors, such as the means (125.40 vs. 
174.88), the sample of words used, apparatus, size and type of letters, degree of 
illumination, etc. Thus, the empirical data do not lend themselves to an easy support 
of our argument. On theoretical grounds, however, we can conclude that the 
differences in results are at least partly due to differences in the methods applied. 

(4) As mentioned above, the sample of words used has an important impact on the 
results. In comparison to earlier studies, we employed many more words of the 
common language (particularly concrete nouns) whereas Howes, Solomon, and others 
used abstract nouns, adjectives, and verbs which are not quite as frequent in everyday 
language. One of the most striking results of our analysis is the high correlation 
between thresholds and classification of the words into concrete nouns and those which 
do not denote physical referents. 

It has been recognized in developmental psychology that the acquisition of words 
by young children proceeds approximately in the order: concrete nouns, verbs, 
adjectives, abstract nouns. These findings have some additional support from clinical 
observations of aphasic patients: Ribot’s law states that aphasic recovery of language 
functions proceeds in almost the same order as above. This evidence and the inter- 
action between logarithms of word-frequencies and our classification led us to suspect 
that higher correlations between logarithms of word-frequencies and thresholds would 
be obtained if counts on reading material of children rather than adults were to be 
employed in such an analysis. 


THE EFFECT OF GENERAL PERCEPTUAL EXPERIENCES ON WORD-KECOGNITION THRESHOLDS 


Objections have been raised by Davids (1956) and Daston (1957) about the use of 
word counts to estimate facilitation of perceptual processes or probabilities of response- 
emission. Word counts such as the Lorge Magazine Count may be representative of 
information the average adult has obtained through his reading but it is questionable 
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whether the information of college students, the ordinary subjects for experimentation, 
are greatly dependent on such reading material. It is not so much their present reading 
habits that must be taken into account but rather those of the years prior to the 
testing. In the case of college students this would mean a consideration of their 
earlier school reading. 


Unfortunately, for our present analysis, corresponding counts are available for 
American subjects only (the basic vocabulary of elementary school children by 
Rinsland (1945) and of kindergarten children by Horn (1928) ). We did not hesitate, 
however, to translate the German words into English since we were only interested in 
grade by grade comparisons and did not intend to use our results for prediction of 
thresholds in the way discussed above. This translation was usually possible without 
ambiguity. For some of the medium and rare words, however, a number of alternatives 
offered themselves as possible substitutions. All these alternatives as given in Cassell’s 
dictionary were accepted on principle since under such conditions the resulting increase 
in total frequency of the rare word could only lower the correlations between logarithms 
of word-frequencies and thresholds. Thus, the correlations could be accepted as fair 
guesses rather than overestimations of the relationship. 


In Fig. 1 four series of correlation coefficients are presented for the kindergarten 
level (Horn, 1928), grades I to VIII (Rinsland, 1945), and the adult level (Thorndike 
and Lorge’s magazine count, 1944). First, correlations between logarithms of word- 
frequencies and thresholds were highest and of almost equal magnitude up to the sixth 
grade ; thereafter they drop very regularly down to — 0-30 at the adult level. Realizing 
that the data derived from the German adult count revealed a correlation of —0-50 
one may argue for a proportional rise in correlation at all younger age-levels if the 
corresponding data had been obtained from German sources. Second, there is a 
consistent drop in correlation between our classification of words into concrete nouns 
vs. other words and logarithms of word-frequencies from -— 0-69 at the first grade to 

-0-10 at the adult level. This change indicates most clearly to what extent the 
language of young children is dominated by the use of concrete nouns and to what 
extent both predictors (our classification and the word-frequency) become increasingly 
and independently useful the more one proceeds along the age scale. Third, there is 
a slight increase in partial correlations between our classification and thresholds, 
holding logarithms of word-frequencies constant at the different grade levels. The 
lowest correlations of 0-42 occur at the first and second grade, the highest of 0-66 at the 
adult level and this reveals again the increase in predicative value of our classification. 
Fourth, there is a fluctuation between — 0-41 and —0-18 in partial correlations between 
logarithms of word-frequencies and thresholds, holding our classification constant at 
the different age levels. Thus, in spite of the loading of children’s vocabulary with 
concrete nouns, logarithms of word-frequencies are independent but relatively poor 
predictors of thresholds in comparison with our classification. 


Undoubtedly our interpretations would have been much improved if supportive 
evidence had been derived for English words. Nevertheless, the very regular increase 
in correlations between our classification and thresholds, holding word-frequency 
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word-frequencies for different grade levels (W). 









































constant, seems to warrant the general conclusion that recognition of words is to a 
higher degree dependent on the frequency with which subjects have had experience 
with objects (or their perceptual images), rather than on the frequency with which they 
have perceived or used the names attached to them. 

This conclusion opposes earlier interpretations which failed to distinguish between 
words as mere physical stimuli and as representatives of a more general stimulation 
evoked by what is called objects and objective processes. Words as physical stimuli are 
experienced only by speaking, hearing, writing, and reading. Words as more general 
representatives are experienced during a vast variety of sensory and motor processes. 
constant seems to warrant the general conclusion that recognition of words is to a 
Thus, one may read the word “chair” only very seldom ; one may hear the word 
“chair” more often; but one is experiencing “chairs” during all of his daily 
activities. Our findings suggest that frequency of the latter type of experience is also 
vital for perception of the associated words whereas earlier interpretations emphasized 
merely the frequency with which we experience words as physical stimuli. 
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Aside from the correlations based on our distinction of concrete words and those 
which have no physical referents, there is little evidence to support our conclusion. The 
findings by Taylor (1958) seem at first to be contradictory. This author presented 
nonsense syllables together with coloured pictures of familiar objects at varying 
frequencies to one group of subjects and the syllables alone, but equally frequently, to 
another group. The results indicated that the frequency with which syllables and 
objects were associated did not affect the recognition thresholds markedly. One has to 
realize, however, that the frequency of trials prior to the measurements does not 
parallel by any means the frequency with which we ordinarily perceive well-known 
objects. Moreover, the association of nonsense syllables with pictures of familiar 
objects is most likely to interfere with older verbal habits. 

Some indirect support for our conclusion may be derived from the performance of 
sensorily deprived subjects. In order to satisfy their need for sensory stimulation, these 
subjects should be likely to engage longer than normals in those sensory-motor 
activities that remained available to them. McAndrew (1948) has shown that this is 
particularly true for blind subjects in various modelling tasks. Stated in terms of our 
interpretation, deprived subjects need a greater accumulation of information through 
their remaining senses to have the total amount of sensory input correspond to that of 
normal subjects. 

This interpretation concerns only the interdependency of experiences obtained 
through different sense organs and the overall constancy of total sensory input for 
different subjects. We may generalize, however, that also sensory-motor experiences 
related either to symbols or objects are interdependent. Thus, if a person is very well 
acquainted with the symbol the perception of the object should be facilitated. On the 
other hand, his familiarity with the object should increase his efficiency in perceiving 
or using the corresponding symbol. Perception of words is not only dependent on 
subjects’ experiences with these symbols but with the total sensory-motor experience 
related to corresponding objects or objective processes. 
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THE SIGNIFICANCE OF CHANGES IN THE 
RATE OF ARTICULATION 


FRIEDA GOLDMAN-EISLER 
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“ 


The term “rate of articulation” is applied to the absolute rate of speech, ie. the 
rate based on the time of vocal speech utterance exclusive of pauses. The significance 
of its changes was studied in relation to changes in levels of verbal planning and in 
degrees of spontaneity. The effect of individual differences was also investigated. 
While articulation rate proved to be a personality constant of remarkable invariance it 
also reflects the degree of spontaneity in the production of speech. Variations in level 
of verbal planning were shown to have no effect on the rate of articulation. The 
implications of these results are discussed. 


INTRODUCTION 


A previous investigation (Goldman-Eisler 1956) showed that what is commonly 
perceived as the speed of talking, or the rate of speech production, is determined by 
the halts and pauses which interrupt the flow of speech rather than by the speed at 
which the actual speech movements are performed. 

A continuous flow of speech, rarely broken by periods of silence, is felt to be fast 
speech, and speech the flow of which is halted by frequent pauses of hesitation is 
experienced as slow speech. The speed of the actual articulation movements producing 
speech sounds occupies a very small range of variation (4.4 to 5.9 syllables per second 
were obtained from speech uttered during interviews) while the range of pause time in 
relation to speech time was five times that of the rate of articulation. Indeed, so rare 
was a continuous flow of speech in spontaneous utterance in the samples investigated 
that the variations in speed of talking observed were largely determined by the time 
spent in hesitation. Naturally, with increased fluency in the utterance of speech the 
speed of talking becomes a function of the rate of articulation or speed of speech 
movements themselves. 

While pauses had been shown (Goldman-Eisler 1958, 1961) to reflect the process of 
selection and planning in speech, the comparatively minor variations of the articulation 
rate have so far remained unexplained. An experiment which was so designed that 
speech was produced under three different and well-defined conditions may throw 
some light on the question of the significance of speeding or slowing down the rate 
of articulation. 
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EXPERIMENT 


The experiment which is reported in detail elsewhere (Goldman-Eisler, 1961)) had 
originally been designed for a different purpose. It consisted in showing, to highly 
intelligent subjects, cartoon stories without captions (of the kind regularly published in 
the “ New Yorker” magazine) asking them first to describe the content of the stories 
and then to formulate the meaning, point, or moral of the story. The subjects were 
also requested to repeat these descriptions as well as the formulations of the meaning 
(to be referred to as summaries) six times after their first version. 

Experimental conditions were thus created for the study of (a) speech produced 
within a relatively concrete situation, i.e. a given sequence of events (through their 
description), (b) speech uttered in the process of abstracting and generalising from such 
events (through summarising their meaning), (c) speech uttered in both these situations 
for che first time while being planned and organised, being thus new speech, and (d) 
speech uttered after several repetitions being well organised’, practised speech. The 
first two situations (a) and (b) represent two different levels of abstraction in verbal 
planning, or of redundancy in the coding of information, while situations (c) and (d) 
represent spontaneous and automatic speech activity respectively. 

The speech produced by the subjects was recorded, transcribed and visual records 
obtained of the sequence of sound and silence. The duration of these was measured, 
as described before (Goldman-Eisler, 1956, 1958) and the rate of articulation was 
calculated by dividing the time for the speech sounds only by the number of words 
produced. 

Nine cartoons were described and their meaning summarised by nine subjects. 


RESULTS 


The measurements were in terms of time (seconds) per word produced and analyses 
of variance were performed based on this quantity which was normally distributed. 
The differences compared by analysis of variance (see Table 1) were those between 
(a) the two types of operation, namely describing events and summarising meaning, 
(b) between individuals, (c) between cartoons described and summarised, and (d) 
between the means of the first versions of these verbal formulations and those of their 
seventh most practised repetitions. 

The overall mean time per word produced was 0.268 sec. which gives us the 
articulation rate of 3.7 words per second. 

The mean rates of articulation (in terms of time per word) for description and 
summaries was 0.269 and 0.267 sec. per word respectively and the variance between 
these two levels of verbal operation was nil. In other words, the processes of 
abstraction involved in the formulation of meaning, or of re-coding information in 


1 The expression “well organised” is used in the Hughlings fackson sense, meaning that the 
nervous arrangements for such sequences (speech) are well organised. 
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TABLE 1 
SOURCE SUM OF SQUARES df VARIANCE 
Operations 
(Descriptions and Summaries) 0 1 0 
Individual Differences 0.15 8 0.019 
Cartoons 0.03 8 0.004 
Residual 0.78 144 0.005 
161 
F Individual differences / within = 3.80 P = 0.001 
F Operations = 0 n.s. 
F Cartoons = 0.08 n.s. 
Analysis of variance of articulation rates. 
TABLE 2 
SOURCE SUM OF SQUARES df VARIANCE 
Individual Differences 0.0199 8 0.00249 
First time and after practice 0.0093 2 0.00465 
Residuals 0.0179 25 0.00072 
35 
F Individual Differences = 34 P= 001 
F First time and after practice = 64 P = 0.01 


Analysis of variance, comparing articulation rates of first formulations and after practice. 


speech, seem to have no effect whatever on the actual speech movements, while, as 
shown previously (Goldman-Eisler, 1961) they had a profound effect on the inter- 
mittent pauses, leading to a dramatic slowing up of the overall speech rate. Nor did 
the type of cartoon presented affect the articulation rate. 

Individual differences, on the other hand, were highly significant (P = 0.001) thus 
confirming an earlier suggestion (Goldman-Eisler 1956) that the rate of articulation 
is a personality constant of remarkable invariance. 

This invariance, however, proved subject to modification as a result of practice. An 
analysis of variance comparing the rates of articulation when formulating speech for 
the first time and after practice repeating it for the seventh time showed a decrease of 
time per word from 0.285 to 0.252 sec. for the description, and from 0.277 to 0.245 
sec. for the summaries, or an increase of 3.5 to 4.0 words per second for descriptions 
and 3.6 to 4.1 words per second for summaries. The difference for the total sample 
was significant at the 0.01 level of probability. 
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CONCLUSION AND DISCUSSION 


It may be useful to consider the fact that while the rate of articulation is a 
constant of such rigidity that it does not respond to changes in the levels of verbal 
planning, i.e. to distinctly and qualitatively different degrees of abstraction when 
encoding information into speech, as do the pauses, it does respond to practice. 

This corroborates the idea that there is a wider, a more basic difference between 
speech sequences which are familiar and well learned and those which are spontaneous 
and organised at the time of utterance, than exists among the spontaneous and newly 
organised speech sequences which differ in levels of verbal planning, degrees of 
abstraction involving distinctly different levels of symbolic activity, or in the redundancy 
of formulation. Such a basic division as the former is, of course, contained in the 
old-established duality formulated by Hughlings Jackson as voluntary or propositional 
vs. automatic and inferior speech. 

The value of this result for the interpretation of the processes involved in speech 
production is that it gives us an indicator of unequivocal significance. Its rigidity under 
the impact of considerable differences in the levels of abstraction on the one hand, and 
its modifiability with practice, whatever the degree of abstraction or redundancy in 
coding, on the other, make it an efficient indicator of habit strength, and habit strength 
only, entering into the production of speech. 

In other words, an increase in speed of articulation thus indicates an increase in the 
use of prepared and well learned sequences, of cut and dried phrases and clichés, 
of trite and vernacular speech, of commonplace utterances or professional jargon. 

It indicates that there is less creative activity and that time serves no function other 
than that of sound transmission. While the mood which goes with speech that is 
being organised while being uttered seems to tend towards an arrest of time, that which 
accompanies speech requiring no further activity beyond the vocalisation of learned 
connections travels through time at a pace dictated, at the best, only by external 
requirements such as e.g. intelligibility. Such speech will more easily become subject 
to corruption in the form of slurring, gabbling, etc., and the reason why we find 
these characteristics in pathological speech or speech produced under abnormal 
conditions may be due to the fact that such speech consists mainly of established 
speech habits. 
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AN EFFECT OF LEARNING ON SPEECH PERCEPTION: 
THE DISCRIMINATION OF DURATIONS OF SILENCE 
WITH AND WITHOUT PHONEMIC SIGNIFICANCE* 


ALVIN LIBERMAN,** KATHERINE SAFFORD HARRIS, PETER EIMAs,** 
LEIGH LISKER,*** and JARVIS BASTIAN**** 
Haskins Laboratories, New York 


Discrimination of an acoustic variable (various durations of silence) was measured 
when, as part of a synthetic speech pattern, that variable cued a phonemic distinction 
and when the same variable appeared in a non-speech context. In the speech case the 
durations of silence separated the two syllables of a synthesized word, causing it to be 
heard as rabid when the intersyllabic silence was of short duration and as rapid when 
it was long. With acoustic differences equal, discrimination proved to be more acute 
across the /b,p/ phoneme boundary than within either phoneme category. This effect 
approximated what one would expect on the extreme assumption that the listeners 
could hear these sounds only as phonemes, and could discriminate no other differences 
among them; however, the approximation was not so close as for certain other 
consonant distinctions. 

In the case of the non-speech sounds the same durations of silence separated two 
bursts of noise tailored to match the onset, duration, and offset characteristics of the 
speech signals. There was, with these stimuli, no appreciable increase in discrimination 
in the region corresponding to the location of the phoneme boundary. If we assume 
that the functions obtained with the non-speech patterns represent the basic discrimin- 
ability of the durations of silence, free of the influence of linguistic training, we may 
conclude that the discrimination peaks in the speech functions reflect an effect of 
learning on perception. It was found, too, that discrimination of the non-speech 
patterns was, in general, poorer than that of the speech. From this we conclude that 
the effect of learning must have been to increase discrimination across the phoneme 
boundary ; there was no evidence of a reduction in discrimination within the phoneme 
category. 


In studies of the perception of /b,d,g/, /d,t/, and /sl,spl/? (Liberman, Harris, 
Hoffman and Griffith, 1957; Griffith, 1958; Bastian, Eimas and Liberman, 1961 ; 
Liberman, Harris, Kinney and Lane, 1961) we have found that discrimination of a 


* This research was supported by the Operational Applications Office of the Air Force Electronic 
Systems Division in connection with Contract AF 19(604)-2285. 

** University of Connecticut. 

*kk University of Pennsylvania. 

**** Now at Center for Advanced Studies in the Behavioral Sciences, Stanford, California. 


1These phonemes were presented in contexts as follows: /b,d,g/ were in absolute initial 
position before /a/ ; /d,t/ were in absolute initial position before /o/ ; /sl, spl/ were in the 
words slit and split. 
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given acoustic difference is considerably more acute across phoneme boundaries than 
in the middle of the phoneme categories. To make the appropriate measurements we 
had first to identify acoustic variables which are sufficient cues for the perceived 
phonemic distinctions. For that we were able to fall back on the results of earlier 
studies (Liberman, Delattre, Cooper and Gerstman, 1954; Delattre, Liberman and 
Cooper, 1955 ; Liberman, Delattre and Cooper, 1958 ; Harris, Hoffman, Liberman, 
Delattre and Cooper, 1958; Bastian, Delattre and Liberman, 1959). Having thus 
selected for each phonemic distinction an appropriate acoustic cue, we prepared a 
series of synthetic patterns in which that cue was varied along a single continuum 
through a range large enough to encompass the phonemes being investigated. To 
measure discriminability, we arranged the patterns into ABX triads and asked the 
listeners to decide, on the basis of any similarities or differences they could hear, 
whether X was identical with A or with B. (A and B were, in fact, always different, 
and X was always identical with the one or the other.) To find the phoneme boundary, 
we presented the patterns with instructions to identify each one as /b/, /d/, or /g/ 
in the first experiment, as /d/ or /t/ in the second, and as /sl/ or /spl/ in the third. 

Discrimination was so much better across the phoneme boundary than within the 
category as to suggest that the listeners could only hear these consonants categorically 
(i.e., as phonemes), and could discriminate no other differences among them. This 
suggestion was tested by finding the extent to which the discriminability of the 
patterns could be predicted from the way in which the listeners had assigned the 
stimuli to the various phoneme categories. Discrimination functions that were derived 
on this basis were found to fit rather closely those that had been obtained in the 
experiments.’ 

From a psychological point of view these results are quite unusual. With stimuli 
that vary along a single dimension (of frequency, intensity, or duration, for example) 
one typically finds that subjects discriminate many times more stimuli than they can 
identify absolutely (Pollack, 1952, 1953 ; Garner, 1953 ; Chapanis and Halsey, 1956 ; 
Miller, 1956). In everyday experience this is illustrated by the contrast between the 
ease with which we normally distinguish two tones as being of different pitch and, on 
the other hand, the great difficulty we have in absolutely specifying the pitch of either 
one. The very different result in the perception of /b,d,g/, /d,t/, and /sl, spl/ was 
that discrimination was little better than absolute identification. It is as if our listeners 
were able to distinguish only as many pitches as they could correctly name. 

Viewed from a linguistic standpoint, these results might not appear surprising. 
Apparently the linguist is prepared to find, with some phonemes at least, that variations 
in a speech sound will be heard by phonetically naive listeners only when these variations 
are phonemic. More generally, he might see the extent to which this happens as a 
precise expression of the degree to which linguistic categories are also categorical in 
perception. 


2 In the case of /b,d,g/ the fit was better in the Griffith (1958) study than in the experiment by 
Liberman et al. (1957). This was attributed to the fact that Griffith’s synthetic speech stioneli 
were more realistic, and to certain procedural improvements he was able to make. 
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Within either a psychological or linguistic framework, the peaks in discrimination 
should be of interest, we think, because their existence may be an important condition 
underlying the distinctiveness of speech sounds. Thus, an incoming stimulus which 
falls ever so slightly to one side of the peak becomes indistinguishable from, and no 
harder to identify than, a stimulus which lies in the precise centre of the phoneme 
region. The effect of this should be to reduce the area of uncertainty between 
phonemes, thereby increasing the accuracy and speed with which the listener sorts the 
various sounds of speech into the appropriate phoneme bins. 

We should note that there appears to be considerable variation among phoneme 
classes in the size and sharpness of the discrimination peaks, and, correspondingly, in 
the extent to which the perception is categorical. For some phoneme distinctions there 
are no discrimination peaks at the phoneme boundaries, and the level of discrimination 
is far better than would be predicted from the extreme assumption that the listeners 
can hear the sounds only as phonemes. This kind of result has so far been found 
in the perception of vowels (Fry, Abramson, Eimas and Liberman, in preparation), 
and of several prosodic features (tones and vowel duration) which are phonemic 
(Abramson, 1961 ; Abramson and Bastian, in preparation). 


To determine why the discrimination peaks develop at some phoneme boundaries 
and not at others, we should have to inquire quite deeply into the nature of the 
perceptual mechanism. For the purposes of this paper it is appropriate only to 
indicate the broad outline of our hypothesis. We believe that in the course of his 
long experience with language, a speaker (and listener) learns to connect speech 
sounds with their appropriate articulations. In time, these articulatory movements and 
their sensory feedback (or, more likely, the corresponding neurological processes) 
become part of the perceiving process, mediating between the acoustic stimulus and 
its ultimate perception. When significant acoustic cues that occupy different positions 
along a single continuum are produced by essentially discontinuous articulations (as, 
for example, in the case of second-formant transitions produced for /b/ by a movement 
of the lips and for /d/ by a movement of the tongue), the perception becomes dis- 
continuous (i.e., categorical), and discrimination peaks develop at the phoneme 
boundary. When, on the other hand, acoustic cues are produced by movements that 
vary continuously from one articulatory position to another (as, for example, the 
frequency positions of first and second formants produced by various vowel articula- 
tions), perception tends to change continuously and there are no peaks at the phoneme 
boundaries. Various aspects of our view have been described elsewhere (Cooper, 
Delattre, Liberman, Borst and Gerstman, 1952; Liberman, Delattre and Cooper, 
1952 ; Liberman, 1957 ; Cooper, Liberman, Harris and Grubb, 1961 ; Bastian, Eimas 
and Liberman, 1961 ; Harris, Bastian and Liberman, 1961), and it will be developed 
further in papers now in preparation. A theory which is in certain ways related to 
ours has been put forward in an interesting paper by Ladefoged (1959). 

Basic to our speculation about the mechanism which accounts for the discrimination 
peaks is the simple assumption that they are learned. The primary purpose of the 
experiments to be reported here is to provide data relevant to that assumption. 











178 An Effect of Learning on Speech Perception 


Whether the peaks are, in fact, acquired in experience, or whether they are somehow 
a part of our innately given sensitivity to the acoustic stimuli, is a question of broader 
scope than is a consideration of any particular mechanism as such. 

We cannot dismiss, out of hand, the possibility that the discrimination peaks are 
innately given. If they are, we should suppose that the earliest speakers of the language 
wisely chose to locate the phoneme boundaries in the regions of highest discriminability. 
Assuming, alternatively, that the peaks reflect the learning that has occurred during 
each listener’s long experience with the language, we must then answer a further 
question concerning the direction the learning has taken. Thus, it is possible that the 
peak is an increase in discrimination, acquired as a result of the listener’s having had 
for many years to distinguish sounds that lie on opposite sides of the phoneme 
boundary. Such an effect might prove to be similar to what has been called “ acquired 
distinctiveness ” ; for convenience, we will use that term to describe it. The contrary, 
and equally likely, possibility is that the peak is what remains after discrimination has 
been reduced by long training in responding identically to sounds that belong in the 
same phoneme class. This would likely be counted an example of “ acquired 
similarity ”. It is also possible, of course, that the observed effect is the sum of both 
processes: acquired distinctiveness across the boundary and acquired similarity within 
the category. 

As between these two assumptions—that the peaks are part of the listener’s innately 
given sensory equipment, or, alternatively, that they are the result of learning—the 
latter interpretation is the more likely. One relevant consideration is that languages 
other than English have apparently located their phonemes differently on the acoustic 
continua with which we are here concerned. Although there are no data yet available 
to show that the inflections in the discrimination function are displaced to correspond 
with the different positions of the phoneme boundaries, the mere fact that the 
boundaries are differently located is, in itself, presumptive evidence that the highs and 
lows of the discrimination function are not innately given. 

A learning interpretation is also favoured by the fact that the discriminations among 
synthetic /b,d,g/, /d,t/, and /sl,spl/ were so largely controlled and limited by the 
phoneme labels. As was pointed out above, this relatively close correspondence 
between differential sensitivity and absolute identification is in striking contrast to the 
usual psychophysical result. One may suspect that it has come about because the 
original or raw discriminations have been radically altered by long experience. 

The experiment by Griffith (1958) on /b,d,g/, which we referred to earlier, has 
provided additional relevant evidence. Using essentially the same second-formant 
transitions employed by Liberman et al. (1957), he added one or another of two constant 
third-formant transitions which had the effect of changing the positions of the phoneme 
boundaries. The result was that the peaks and valleys of the discrimination functions 
shifted accordingly. Though not critical, this evidence strongly supports a learning 
interpretation. 

The experiment with /d,t/ that was referred to earlier was also of a type designed 
to find out whether the observed peak in discrimination is a result of learning, and, 
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if so, whether it is a case of acquired distinctiveness, acquired similarity, or both. The 
point of this kind of experiment is to measure the discriminability of an acoustic 
variable which cues a phonemic distinction, and then to measure the discriminability of 
essentially the same variable in a non-speech context. For /d,t/ the acoustic variable 
was the time of onset of the first formant relative to the second and third. It was 
found, as has already been pointed out, that discrimination of this variable was better 
across the phoneme boundary than within the phoneme category. To produce appro- 
priate non-speech controls the experimenters simply inverted the speech patterns on 
the frequency scale, thus producing sounds which could not be perceived as speech 
while yet preserving quite exactly the acoustic variations that had, in the speech 
stimuli, cued the perceived linguistic distinction. In the discrimination of the control 
stimuli no peak in discrimination was found, either in the region corresponding to the 
location of the phoneme boundary or, indeed, in any other part of the stimulus 
continuum. This would indicate that the discrimination peak found with the speech 
stimuli is to be attributed to learning. It was apparent, further, that the discriminability 
of the non-speech controls was, at all points, below that of the speech. From this one 
would conclude that the learning effect consisted entirely of acquired distinctiveness. 


The inverted patterns were not a perfect control. Nor was it possible that they could 
have been, since the ideal condition would have required that the controls be identical 
with the speech stimuli and yet not be perceived as speech. The control stimuli that 
were used in the experiment on /d,t/ had the salient shortcoming that the frequency 
of the formant whose time of onset varied was below the other two formants in the 
speech stimuli and above them in the controls. Since masking effects are greater from 
low frequencies to high, it is possible that the variations in onset were to some extent 
masked out in the control. 


The specific purpose of the present experiment is to obtain data from an experiment 
analogous to the one just described, but with a more appropriate control. The 
linguistic distinction to be investigated is that between /b/ and /p/ in intervocalic 
position, specifically in the words rabid and rapid. In studying the perception of this 
distinction Lisker (1957; in preparation) has found that a sufficient cue—not the 
most important one, perhaps, but one that is nonetheless adequate—is the duration of 
the silent interval between the first and second syllables. When that interval is 
relatively short the listener hears rabid ; increasing the interval causes the perception 
to change to rapid. The discriminability of such patterns, differing only in duration 
of the intervocalic silent interval, can, of course, be measured and then compared with 
the discriminability of the same durations of silence enclosed between two bursts of 
noise. These latter stimuli are particularly appropriate as non-speech controls, since 
they can be identical with the speech sounds, not only in the values of the stimulus 
variables (i.e., the duration of the silent interval), but also in regard to certain 
important constant aspects of the stimuli, such as the durations and amplitude 
envelopes of the sounds that bound the silent intervals. Comparing the discriminability 
of these speech and non-speech stimuli should help greatly to determine whether the 
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discrimination of the speech sounds reflects the effects of learning, and, if so, to 
discover which direction the learning has taken. 


PROCEDURE 


One set of stimuli was generated from a hand-painted spectrogram like that shown 
in Fig. 1. When converted to sound by the Pattern Playback, this spectrogram 
produces a reasonable approximation of the word rabid. From Lisker’s research (in 
preparation), we know that if the interval of silence between first and second syllables 
is made longer than that shown, the listener will hear rapid. To vary the duration 
of the silent interval and thus produce a series of sounds which would be perceived 
as rabid at one end and as rapid at the other, we made numerous magnetic tape 
recordings of the sound produced from the spectrogram shown in the figure, cut the 
magnetic tape in each case so as to separate the two syllables, and then inserted 
appropriate lengths of blank tape. In this way we created a series of 12 stimuli in 
which the silent interval varied between 20 and 130 msec. in steps of 10 msec. For 
convenience, we will refer to this set of sounds as the “ speech stimuli” and designate 
each member of the set by the duration of the silent interval. Thus, Speech Stimulus 
40 is that pattern which has 40 msec. of silent interval between the first and second 
syllables. 

Our own listening convinced us that these particular stimuli did, indeed, sound like 
rabid or rapid, and that the shift from the one to the other occurred in the vicinity 
of 70 msec. Not unexpectedly, it appeared further that the longest silent intervals 
produced stimuli that would surely sound odd and unrealistic to speakers of English. 
We nevertheless included these extreme durations because we wanted to make certain 
that complete psychophysical functions would be obtained with the possibly less 
discriminable control stimuli to be described below. 

It should be noted here that it is possible to begin with a recording of rapid as 
spoken by a human being and then, by reducing the duration of the interval between 
syllables, to convert it to rabid. The conversion is not wholly convincing, however, 
because there are several other cues to voicing besides the duration of the silent 
interval, and these are not changed as the interval is lengthened or shortened. 
Synthetic speech has the advantage here that it is possible to neutralize all the cues 
except the duration of the silent interval, and thus to produce a more satisfactory set 
of stimuli. 

It was indicated in the introduction that we wanted as control stimuli a set of 
sounds as similar as possible to the speech series, and yet not perceivable as speech. 
To obtain such controls we used the speech stimuli to modulate noise signals and thus 
produce patterns consisting of noise-silent interval-noise in which the durations and 
rates of turn-on and turn-off would be the same as in the speech stimuli. The equip- 
ment and procedure for producing the control stimuli were as follows :* 

The original speech stimuli were modulated by a 10 kc. carrier in a balanced 


3We gratefully acknowledge our debt to Dr. Carl Brandauer for devising the method of 
generating the control stimuli. 
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Fig. 1. Hand-painted spectrogram from which the stimuli of the experiment were produced. 


modulator. The modulated signal was half-wave rectified, put through a low-pass 
filter (150 cps. cut-off), and this envelope waveform was then used to modulate a 
band-limited white noise (d.c. to 1500 cps.) in another balanced modulator. The 
circuit parameters were adjusted to give the best possible match to the envelopes of 
the original set of speech stimuli. 

The extent to which we succeeded in matching speech and control stimuli was 
measured in two ways. First, we made a detailed visual comparison of the oscillograms 
of several pairs of stimuli. The envelopes of the speech and control stimuli were 
found to be very similar. As a second check, we made spectrograms on a Kay Sono- 
graph of 36 pairs of speech and control stimuli and measured the duration of each 
silent interval. The averages for the two kinds of stimuli proved to be almost exactly 
the same. The variability of the control stimuli was somewhat greater, as we might 
expect, but the difference was not significant by an F test. 


Subjects 


All subjects in the experiment were undergraduate or graduate students at the 
University of Connecticut. They were paid volunteers with no special training in 
phonetics, and they were naive with respect to the purposes of the experiment. 

There were 12 subjects in all, chosen from a group of 31 on the basis of a pre-test. 
The purpose of the selection was to insure that all subjects ultimately serving in the 
experiment would have a sharp and clear phoneme boundary.‘ In the pre-test, the 


* Since the experiment was intended to yield information on the relative discriminability of 
sounds within and across phoneme boundaries, only subjects with sharp boundaries were suitable. 
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group of 31 subjects listened to the stimuli in various orders (approximately 28 
presentations per stimulus) under instructions to identify each stimulus as rabid or 
rapid. On the basis of the data so obtained, we selected for service in the experiment 
the 12 subjects who had the sharpest phoneme boundaries. The results from this 
pre-test session were not otherwise used, and the data are not presented in the Results 
section. It should be noted, however, that all of the original group of 31 did reasonably 
well—so much so that the difference between the selected and rejected groups was 
very small. 


Stimulus Presentation 

As in the previous experiments in this series, the discriminability of both speech 
and control stimuli was measured by an ABX procedure—that is, the stimuli were 
presented in groups of three, and subjects were asked to determine, by whatever cues 
they could perceive, whether the third stimulus, X, was identical with the first stimulus, 
A, or the second stimulus, B. (In fact, X was always identical either with A or with 
B.) The measure of the discriminability of any pair of stimuli was, then, the pro- 
portion of the presentations on which the subject matched X correctly to A or B. 

The A and B stimuli to be discriminated differed in silent interval by 20, 30, 40, 50, 
60, 70, 80 and 90 msec. For example, Stimulus 20 was compared with Stimulus 40, 
50, 60, 70, 80, 90, 100 and 110 ; Stimulus 30 was paired with Stimulus 50, 60, 70, 80, 
90, 100, 110 and 120. The 10 stimulus comparisons in which pairs differ by 20 msec. 
will be called the 2-step series, the series of 9 pairs that differed by 30 msec. will be 
called the 3-step series, and so forth. 

The total number of stimulus pairs is 52. Each stimulus comparison appeared in 
ABX triads of four forms—ABA, ABB, BAA, and BAB. For example, the four two- 
step comparisons for the 40-msec. stimulus were 40-60-40, 40-60-60, 60-40-40, and 
60-40-60. 

These triads were spliced together so as to form four test orders. Each stimulus 
comparison occurred once in each test order in one of its four forms. One second 
separated the members of a triad, while the triads were separated by four seconds. 
After the first four orders had been completed, a second set of four was made by 
shuffling each of the original orders. There were, then, eight test orders for the 
measurement of speech discrimination. 

The non-speech stimuli were made into eight tapes in exactly the same fashion. 
That is, for each speech tape we made a control tape with a non-speech stimulus 
substituted for the speech stimulus having the same time separation between syllables. 


The selected subjects listened to each of the eight speech and control tapes five 
times under discrimination instructions. Since a given stimulus comparison is presented 
once on each tape, the measure of discriminability at any point on each stimulus 
continuum is based on 40 determinations for each subject. 

The*purposes of the experiment required a comparison of the speech stimuli within 
and across the rabid-rapid phoneme boundary. Accordingly, we needed an accurate 
determination of the location of the boundary for the 12 subjects of the experiment. 
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PER CENT IDENTIFICATION 
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Fig. 2. Identification of the synthetic speech stimuli as /b/ or /p/, plotted against the 
duration of the silent interval between first and second syllables. The data are from the 
pooled responses of all 12 subjects. 


To this end, the speech tapes were presented to each subject a total of 32 times with 
instructions to label each stimulus as rapid or rabid. 

The whole experimental design, then, was set up so that each subject would 
perform three tasks: speech discrimination, noise discrimination, and phoneme 
labelling. A schedule was arranged for each subject such that the three tasks were 
distributed through all experimental sessions. Working in test sessions of about 20 
minutes, each subject took about four months to complete the experiment. 


RESULTS 


Phoneme Identification and the Location of the Boundary 

Fig. 2 shows how the listeners assigned the phoneme labels /b/ or /p/ to the 
various stimuli. These functions which represent the pooled responses of all subjects, 
indicate that the phoneme identifications were made with fair consistency, and that 
the boundary between /b/ and /p/ lay at about 70 msec. of silent interval. It is also 
apparent from these data that the phoneme boundary is reasonably sharp. 


Discrimination of the Speech Stimuli 

The solid lines of Fig. 3 connect points which represent the percent correct 
discrimination of various pairs of speech stimuli at all values of the stimulus variable. 
As in the labelling functions of Fig. 2, the data from all subjects have been pooled. 
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Fig. 3. Obtained and expected discrimination for the 1- through 9-step differences among the 
synthetic speech stimuli. The data are from the pooled responses of all 12 subjects. 


For greater ease in reading the data, the graphs have been separated according to 
the amount of difference in silent interval by which the two stimuli are separated. 
Thus, in the first graph at the upper left, labelled “2 step,” the stimuli which were 
paired for discrimination (in ABX triads) always differed by 20 msec. (two steps on 
the stimulus scale) of silent interval. The first point on this graph indicates, then, 
that the subjects discriminated with 53% accuracy when the stimuli in the ABX 
triads had 20 and 40 msec. of silent interval. The next point shows that discrimination 
rose to 61% for the stimuli with 30 and 50 msec. of silent interval. Data points on 
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the graphs for the other stimulus comparisons, in which the differences between the 
stimuli ranged from three to nine steps, are to be read in similar fashion. 

It is apparent, especially in the 2-, 3-, and 4-step graphs, that there are two peaks 
in the discrimination functions, a relatively large one near the centre of the stimulus 
continuum and a somewhat smaller one farther to the right. For the moment we will 
confine our attention to the larger peak. 

Reference back to the phoneme identification data in Fig. 2 reminds us that the 
phoneme boundary is in the vicinity of 70 msec. and we see in Fig. 3 that the larger 
peak in the discrimination function occurs in this same region. This is to say, of 
course, that discrimination is better across the phoneme boundary than in the middle 
of the phoneme category. But instead of developing this comparison stimulus by 
stimulus, we will turn to a simple model developed in an earlier study (Liberman 
et al., 1957) of this same problem, and evaluate the data with regard to the extent to 
which they fit that model. 


Make the extreme assumption that the listeners can only hear these stimuli phone- 
mically—that is, as /b/ or /p/—and can detect no other differences among them. 
Using the phoneme labelling data as a basis, one then predicts the accuracy with which 

the listener can be expected to discriminate all stimulus pairs. Thus, if the subject had 
- always identified two stimuli as being members of the same phoneme class, he would 
be expected to discriminate the stimuli at a chance level. To the extent that he 
identifies two stimuli as belonging in different phoneme classes, he would, to precisely 
that extent, correctly discriminate them. In general, this assumption will predict peaks 
in the discrimination function wherever there are abrupt changes or inflections in the 
phoneme labelling curves, the height of the peak being a function of the abruptness 
and extent of the shift in phoneme labels. A more detailed description of the model 
and the derivation of the technique for predicting the discrimination functions are 
to be found in the earlier article (Liberman et al., 1957).* 

The discrimination functions that are predicted from the assumption of categorical 
perception are shown in Fig. 3 as the dashed lines. A comparison of these “ expected ” 
curves with the discrimination data that were actually obtained, and described earlier, 
leads to several conclusions. First, it will be noted that the left-hand portions of the 
two curves are reasonably similar in shape. This means that the variations in dis- 
criminability follow the change in phoneme labels. More specifically, it means that a 
discrimination peak does, indeed, occur at the phoneme boundary. The second 
conclusion is that the obtained functions tend in general to lie above the expected 
functions. To that extent the listeners are able in discriminating these stimuli to 
extract some information in addition to that which is revealed by the way in which 
they label the stimuli as phonemes. 


5 In the earlier experiment (Liberman et al., 1957) the labelling data were obtained by presenting 
the stimuli one at a time ; in the present experiment the stimuli were presented for labelling in 
triads (see Procedure). Although the labelling functions were obtained by these different 
procedures, the calculation of the predicted discrimination values were made from the labelling 
data in exactly the same way in the two studies. 
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Fig. 4. Identification of the synthetic speech stimuli as /b/, /p/, or */p/, plotted against the 
duration of the silent interval. The data were obtained from the pooled responses of the 
seven subjects who served in this part of the experiment. 


The Second Peak and a Third Category 

Attention has been called to the fact that the obtained discrimination functions show 
a second peak at values of the stimulus variable greater than those at which boundary 
between /b/ and /p/ is located. On the assumption that this might imply a third 
category, we listened again to the stimuli and found that we had, indeed, carried tha 
values of the silent interval to such extreme lengths as to have created, perhaps, an 
additional class of sounds.’ This was a strange and unnatural /p/ to American ears, 
but we thought that it might nevertheless be heard and articulated by our listeners 
almost as if it were a different speech entity. We therefore recalled as many of the 
subjects as were still available (the number was seven), discussed the stimuli with them, 
and discovered that they, too, thought that some of them belonged in a separate class. 
To obtain more information about this third category we presented the stimuli (in 
random order, as before) to these subjects with instructions to identify each one as 
/b/, /p/, or */p/, the last named being the designation we chose for what we, and 
our subjects, had heard as the unnatural /p/. That the third category, */p/, did 
exist for these subjects is indicated by the graphs of Fig. 4. A comparison of these 
graphs with those that describe the results of the two-category judgments (Fig. 2) 
indicates that the distinction between */p/ and /p/ is not so clear as that between 
/b/ and /p/ in the original judgments (for which the subjects were allowed only 
the /b/ and /p/ categories). This is to be inferred from the fact that the curves 


6 As was pointed out under Procedure, we were aware when we produced these speech sounds 
that curious effects could be heard at durations of silent interval greater than 100 msec., but we 
had decided to include these extreme stimulus values in order to be certain of obtaining complete 
psychophysical functions with the control stimuli. 
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representing the /p/ and */p/ judgments (in Fig. 4) do not rise to 100% as the 
/b/ curve does, and as both the /b/ and /p/ curves do in the two-category situation 
(Fig. 2). Nevertheless, the labelling data show that a */p/ category does exist, and 
they provide a basis for predicting a new set of discrimination results from the 
assumption of categorical perception. These predictions are shown as the dotted lines 
in Fig. 5, together with the discrimination data that were actually obtained with the 
seven subjects who made the three-category judgments. There is a second peak in 
the expected discrimination function corresponding to the boundary between the 
second and third categories of Fig. 4. Moreover, this second peak fits moderately well 
the second peak in the obtained discrimination functions. Clearly, the expected and 
obtained functions now agree somewhat better than before, but there remains a 
constant difference between the functions in the direction of better discrimination than 
is to be expected on the extreme assumption of categorical perception. We will not 
try to specify the magnitude of the discrepancy in terms of some single meaningful 
quantity, because we are not prepared at this stage to decide which of several possible 
measures is best. We will only say that the discrepancy is somewhat greater here than 
it was in the studies of /b,d,g/, /d,t/, and /sl,spl/, where the perception was more 
nearly categorical ; also, that it is less than in the vowels and prosodic features, where 
perception was essentially non-categorical, i.e., continuously changing with progressive 
changes in the stimulus. 


In terms of the theory outlined in the introduction, perception of speech becomes 
linked to the feedback from the articulatory movements the listener makes in speaking. 
We should expect, then, that perception would be completely categorical (i.e., that the 
discrimination functions would show a peak at the phoneme boundary and be 
perfectly predictable from the phoneme labelling data) if the listener makes exactly the 
same articulatory response to the various stimuli to which he attaches the same phoneme 
label, and very different articulatory responses to sounds he calls by different phoneme 
names. At the other extreme, speech perception would be expected to be perfectly 
continuous (i.e., the discrimination function would show no peak at the phoneme 
boundary and might lie at a level far higher than that which is predicted from the 
phoneme labelling data) if the listener’s mimicking articulations change in linear 
tashion with variations in the acoustic stimuli, both within and across phoneme 
boundaries. 


One might expect something like the results we found in this experiment—percep- 
tion which is almost categorical, but not quite—if it be the case that the articulatory 
response changes most rapidly at the phoneme boundary, but that there is, never- 
theless, some small variation within the phoneme class. In an attempt to find out 
whether or not this was so, we had several of the listeners try to mimic the various 
stimuli, and then undertook to measure the duration of the silent interval between the 
two syllables. It proved to be difficult to obtain highly reliable measurements, chiefly 
because the subjects produced variations in other acoustic features, such as the first- 
formant transition and presence or absence of voicing, which are more important than 
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Fig. 5. Expected discrimination functions corrected to take account of the subject’s identification 
of the third category, */p/, together with the obtained discrimination functions. The data 
are from the pooled responses of the same seven subjects whose three-category identification 
functions are shown in Fig. 4. 


duration of silent interval as such, and which tended to obscure it. When, in the 
course of this work, it became apparent that we would be able to get far more precise 
mimicry data in the study of other phonemic distinctions,’ we abandoned the attempt 
to measure the mimicry of rabid-rapid. 


7 One such study has been completed since this paper was written and has been published as 
an abstract, see Harris, Bastian and Liberman (1961). It is now being prepared for regular 


publication. 
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In some respects, then, this experiment yielded less than we might have wished. 
We should remember, however, that we undertook it because, being interested in the 
discrimination peaks which sometimes occur at phoneme boundaries, we wanted a fair 
comparison between the discrimination of an acoustic variable when it cues a phonemic 
contrast and when, in a non-speech context, it does not. Fortunately for that purpose, 
the discrimination of the speech stimuli does have a peak (or actually two) sufficiently 
high to make the comparison with the non-speech control an interesting one. 


Discrimination of Noise Control 

In the stimuli used as controls, bursts of noise served to bound silent intervals that 
duplicated those of the speech stimuli. It is also relevant to recall that the noise bursts 
were matched with the speech syllables in regard to such constant features as 
amplitude envelope and duration. 


The discrimination results obtained with the noise control are shown in Fig. 6. For 
comparison the results obtained with the speech stimuli and previously shown in 
Fig. 3 are also presented. 


One sees immediately that the discrimination peaks of the speech stimuli are much 
higher and sharper than any peaks which appear in the control data. More generally 
it is clear that the discriminability of the speech sounds is considerably greater than 
the control at most points. At a few values of the stimulus variable the two are equal, 
or very nearly so. Out of a total of 52 points at which the two sets of curves can be 
compared there is only one at which the speech discrimination dips below the control. 
In this one case the difference is small, and probably not at all reliable. If the noise 
stimuli are truly an appropriate control—that is, if they fairly represent the discrimin- 
ability of the speech stimuli prior to linguistic training—we may conclude that the 
results obtained with the speech stimuli reflect the effects of a very considerable amount 
of learning. It is clear, further, that the entire learning effect consists of a sharpening 
of discrimination in the vicinity of the phoneme boundary. There is no indication that 
discrimination of the speech has been reduced (below the control) within the phoneme 
category. In terms of the psychological processes discussed in the introduction, we 
should say that there is here a very considerable amount of acquired distinctiveness, 
but no acquired similarity. 

Reference has been made to the earlier study of /d,t/, in which discrimination of 
variations in a cue for a phonemic distinction were compared with discrimination of 
the same variable in a non-speech context. It was pointed out that the acoustic 
variations might have been masked in the control stimuli, and the conclusion drawn 
from a comparison of speech and control discrimination was, therefore, thought to be 
open to question. We should note that the results of the present experiment, with its 
more adequate controls, agree with those of the earlier study in that there was evidence 
of a large amount of acquired distinctiveness and no acquired similarity. 

We ought, perhaps, to remark on the fact that this experiment and the earlier one 
on /d,t/ differ somewhat in regard to the finding of no reduction in discrimination 
within the phoneme category (acquired similarity). In the earlier experiment the 
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Fig. 6. Discrimination functions for the 1- through 9- step differences among the non-speech 
control stimuli. The obtained speech discrimination functions previously shown in Fig. 3 
are reproduced here to facilitate comparison. For both sets of functions, the data are from 
the pooled responses of all 12 subjects. 


discriminability of the non-speech stimuli was very poor, lying generally at or just 
slightly above chance. There was, then, no room for a process like acquired similarity 
to show itself, for no amount of training could possibly have reduced discrimination 
much further. In the present experiment the discrimination of the noise control stimuli 
rose to higher levels. To determine just how much room this provided for acquired 
similarity, we must compare the three discrimination functions previously presented : 
the obtained discrimination of the speech sounds, the expected discrimination of the 
speech sounds, and the obtained discrimination of the noise control. For that purpose 
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3 Fig. 7. Obtained and expected speech discrimination functions, together with the discrimination 

" functions for the non-speech control stimuli. The obtained and expected speech functions 
are the same as those shown in Fig. 5. Alli data are from the pooled responses of the seven 
subjects who provided the results shown in that figure. 
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the three functions are shown together in Fig. 7. (We here use the data for the seven 
subjects who made the three-category judgments, because these data most adequately 
depict the relationship between discrimination and phoneme labelling.) 

Within the /b/ category—that is, on the left-hand side of the graphs—we see in 
the 2-, 3-, and 4-step data that the discriminability of the noise does lie somewhat 
above the predicted discriminability of the speech. This means that the original 
discriminability of speech may be presumed to have been greater than it needed to be 
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to meet the requirements of the linguistic situation. It also means that if the listener 
makes the same articulatory response to these stimuli, we should expect, according to 
theory, that the discrimination of the speech would have been reduced below the noise 
control, down to the predicted level. We see that this has not happened, and we 
conclude that we have here a case in which acquired similarity did not occur, though 
there was room for it. Beyond the four-step comparisons practically all stimulus pairs 
fall across a phoneme boundary ; discrimination is therefore predicted in general to 
be at fairly high levels, well above the noise control at all points, and we cannot make 
the kind of test we are here considering. Between the second and third categories 
(/p/ and */p/) the noise discrimination again lies above the expected values, and we 
find, as we did in the similar situation within the /b/ category, that the obtained speech 
discrimination has not been reduced to the expected level. 


While the relevant data are not very clear or compelling, there is a certain amount 
of evidence that acquired similarity might have occurred but did not. Whether it 
should have occurred, according to theory, is a separate question, and one that is not 
readily answered because the critical mimicry data are missing. To see why these 
data are critical, let us imagine that reliable mimicry measurements have been obtained, 
and then consider the implications of different kinds of results. Suppose first, that the 
subjects are found to make the same articulatory response in mimicking the sounds 
within the phoneme category ; the theory as it now stands demands that they be 
unable to discriminate these sounds. Given this outcome of the mimicry experiment, 
and given the fact that acquired similarity did not occur though there was room for it, 
we should have to modify the theory. It would appear then that while the articulatory 
responses become involved in the perception of speech, the listener still has some 
choice remaining to him: if falling back on the feedback from articulation serves to 
sharpen discrimination (as it apparently does at the phoneme boundary), the listener 
takes advantage of this possibility and discriminates better than he would otherwise 
have done ; if the articulatory feedback has the effect of dulling discrimination, the 
listener effectively ignores it, responds directly to the acoustic stimulus, and suffers no 
loss in acuity. This would say, in general, that the acquired similarity paradigm 
describes an event which does not occur, at least not in speech perception ; we should 
assume then that while we may, on occasion, find it necessary to disregard clearly 
perceptible differences, and for very practical reasons to call distinguishable stimuli by 
the same phoneme name, we do not as a consequence really lose our ability to 
discriminate. 


The alternative result of the mimicry experiment would be to show that the 
listener can and does mimic some of the stimulus changes within the phoneme category 
—that while the articulatory response changes most rapidly at the phoneme boundary, 
there is nevertheless some variation in mimicking sounds the subject calls by the same 
phoneme name. In that case, we should not expect discrimination within the phoneme 
class to be reduced to chance, and, depending on the particular nature of the mimicry 
results, the theory in its present form might be rather precisely confirmed. We hope 
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that more light will be shed on this question in research on other phoneme distinctions 
where mimicry can be more easily measured. 

It will be recalled that the noise control stimuli were produced in such a way as to 
make their amplitude envelopes and durations approximate the speech signals as 
closely as possible. This is surely the most appropriate way to obtain control signals 
for use with the speech stimuli of this experiment, but it may raise a question about 
the extent to which the results represent what would be obtained with the simpler and 
more regular stimuli that are usual in psychophysical studies. To answer this question, 
we prepared a new set of control signals which had intervals of silence like those of 
the original controls, bounded by segments of noise which differed from the original 
in having abrupt onsets and offsets (produced by cutting the magnetic tape at a 
90-degree angle) and in being of equal duration (300 msec.). On testing the discrimin- 
ability of these stimuli with the same subjects who had served in the earlier parts of 
the experiment, we obtained results very similar to those found with the original set 
of controls. 

As a further test of generality we undertook to obtain some indication of the effect, 
if any, of the particular psychophysical procedure (ABX) that had been used. For that 
purpose we measured the discriminability of the new noise stimuli by the ABX method 
and also by an adaptation of the forced-choice temporal interval method developed by 
Blackwell (1952) for measuring visual thresholds. In the latter procedure, as in ABX, 
the stimuli are presented in triads composed of two stimuli which are identical and 
one which is different, but the “ different” stimulus can appear in any of the three 
positions (first, second, or third) of the triad, and the subject’s task is to tell where, 
i.e., in which position, it is. When the data obtained by the two methods were 
adjusted to take account of the different levels of chance performance (50% in ABX 
and 334% in the new method), the levels of discrimination proved to be the same. 

We feel reasonably certain that the original noise stimuli are appropriate controls. 
The two pulses of noise were carefully matched in envelope and duration with the 
two syllables of the speech stimuli, and the interval of silence, which was in both 
speech and control the variable part of the pattern, is out in the open, as it were, where 
it is not likely to be masked or otherwise interfered with. Moreover, as we have seen, 
the data obtained with these matched controls would appear to have some generality, 
since very similar results were found with more standard patterns and, indeed, with a 
different psychophysical method. We will assume, then, that the discrimination 
functions obtained with the noise controls approximate the discrimination of the 
speech patterns as they would have been without linguistic experience. The fact that 
the peaks of the speech discrimination functions rose above the control may then be 
taken to indicate a learned increase in discrimination across phoneme boundaries. The 
speech functions nowhere fell below the control, from which we conclude that there 
was, for whatever reason, no loss in discrimination within phoneme categories. 
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RELATIONSHIPS AMONG FUNDAMENTAL FREQUENCY, 
VOCAL SOUND PRESSURE, AND RATE OF SPEAKING* 


Joun W. BLAcK 
Ohio State University 


Twenty males who could control their vocal effort to reach specified soft and loud 
vocal levels, spanning 30 db., practised amd recorded three vowels and three phrases 
at four levels, ranging from soft to loud. 

Increments in vocal effort were accompanied by increase in fundamental frequency, 
the latter shifting upward increasingly with successive steps in sound pressure. 

The vocal changes that occurred from one level of speaking to another were some- 
what specific to the material that was spoken. 

Phrases that were spoken with different amounts of vocal effort, soft to loud, were 
spoken at the slowest rate when said softly. 


Both vocal effort and sound pressure level of speech are used to describe the same 
aspect of talking. The former is obviously subjective and has physiological connotations ; 
the latter is implicitly a physical dimension and exact. Actually, the variability of the 
power of speech from moment to moment is so great that a “ degree” of vocal effort 
gives almost as precise a description as an “ amount ” of sound pressure level. 

As vocal effort is increased, the fundamental frequency of voice typically rises’ and 
the rate of talking may be altered. The present study was planned to examine these 
relationships and possibly to quantify them. 

Six samples of speech were used: three vowels [a,0,i] and three short phrases 
(take off runway five ... stop at Corry Field ... pull the setting back). 

Twenty young adult males served individually as experimental subjects. A subject, 
sitting comfortably, maintained a constant position relative to two microphones, one 
18 in. removed from the speaker’s mouth and the other at the corner of his mouth, out 
of the breath stream. The former microphone fed a General Radio sound level meter 
and the latter, through an attenuating network, an Ampex 400 recorder. The speaker 
practised saying the vowels and phrases at four degrees of vocal effort, ordered from 


* This work was conducted as a part of a contract between the Office of Naval Research and 
the Ohio State University Research Foundation. 

The experiment was conducted two times. Experimental error was suspected in the instance 
of the first data because of apparently excessive variance among the measures. The second set 
of data confirmed the earlier set. 


1 Black, 7. W. and Morrill, S. N. (1954). The pitch of sidetone. Pensacola: foint Project, The 
Ohio State University Research Foundation and U.S. Naval School of Aviation Medicine. Foint 
Project Report No. 31. The Bureau of Medicine and Surgery Project No. 001 064 01 31. 


2 Lightfoot, C. (1949). Effects of the mode and levels of transmitting messages upon the 
relationship between their duration and the duration of their repetition. Kenyon College, 
Technical Report—SDC 411-1-S. 
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soft to loud. His principal instruction was to try to register 70, 80, 90, and 100 db. on 
the sound level meter, C-scale (18 in. distant). The levels were selected after trying 
out a number of speakers to find feasible limits and after trying alternative instructions 
that were worded in terms of degrees of vocal effort. The order between vowels and 
phrases and among the samples of each was varied from speaker to speaker. 


The experimenter monitored the level indicator and adjusted the relative gain of 
the recorder from condition to condition to +10, 0, —10, and —20 db. in order to 
compensate for the different levels of input. 


The recordings were copied to a Bruel and Kjaer power level recorder, 10 mm./sec. 
These tracings yielded three measures: (a) the duration of each phrase, (b) an index 
of the relative sound pressure level of the phrases, and (c) similar measures of the level 
of the initial second of each vowel. A further copy of the recorded speech, slowed 
down by a factor of eight and made on an Edin pen-writing oscillograph, provided a 
wave-by-wave resolution of the speech suitable for determining the average fundamental 
frequencies of each vowel and phrase. Thus, the five sets of values shown in Tables 
1 and 2 were obtained: (a) relative sound pressure of the three vowels, (b) mean 
fundamental frequency of each of the three vowels, (c) relative sound pressure of the 
phrases (determined as the mean of the three maximum deflections of the Bruel-Kjaer 
tracing of each recorded phrase), (d) duration of the phrases, and (e) mean fundamental 
frequency of the first 0-2 sec. of vocalization of each phrase. These five sets of measures 
were treated statistically in a series of five similar analyses of variance. Each was a 
triple analysis: (samples x vocal levels x subjects). 


Tables 1 and 2 summarize the five analyses and enumerate the mean values associ- 
ated with the four levels and the different samples. The gain of the recorder having 
been adjusted to compensate for changes in vocal level from one condition to another, 
small variance was anticipated in connection with vocal effort. This was the outcome 
with sustained vowels, sounds that are relatively constant from moment to moment ; 
it was not the case with phrases. However, the samples x levels (AC) interaction 
values of Table 1 are noteworthy, particularly in the instances of the vowels. Obviously 
the three vowels did not maintain a constant relationship to one another in sound 
pressure at four levels of vocal effort. This fact emphasizes the singularity of various 
speech samples. The interaction is again apparent in the entries of Table 2. Two of 
the vowels [a,o] are approximately 32 db. higher in level in Condition 4 than in 
Condition 1, while [i] varies only 27 db. from the condition of least vocal effort to the 
one of greatest effort. 


The increments in fundamental frequency that accompanied the changes in level 
were not the same for the three vowels: [a] increased 12-1 semitones from the 
condition of least effort to the one of greatest effort; [o], 12-6 semitones; and 
[i], 14-1 semitones. This between-sample variability in fundamental frequency was not 
evident among the phrases ; in fact, the small variance associated with the fundamental 
frequency of the phrases led to pooling the three measures at each level, evident in 
Table 2. 
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Soft voice or minimum vocal effort was accompanied by a slower rate of reading 
the phrases than was used with the other three levels of vocal effort. The mean 
durations of the phrases in the four incremental conditions of level were 1-26, 1-16, 
1-17, and 1-17 sec. 

The principal observations that emerge from this study follow. First, approximately 
equal increments in vocal sound pressure are accompanied by successively greater 
increments in fundamental frequency and within a 30 db. range the voice rises in 
excess of an octave in pitch. Since the instructions to the speaker were in terms of 
sound pressure level, not vocal effort, the increments in effort were probably unequal ; 
this inequality was possibly reflected in the increments in fundamental frequency from 
one level to another. This was 13 cps. from the first to the second level ; 38 cps. from 
the second to the third ; and 74 cps. from the third to the fourth. These values are 
taken from the descriptive data for vowels in Table 2, but they are essentially the same 
for the phrases. Second, as vowels are spoken at each of a succession of sound pressure 
levels the accompanying fundamental frequencies are somewhat unique from one 
vowel to another. This can be considered as an interaction between the physiological 
effort of saying a particular vowel and the further effort that accompanies gradations 
of intensity of speech. Third, although the physiological limits for soft and loud 
speech were not reached by all speakers, these limits were approached for the group 
as a whole. The fundamental frequencies of Level 2 approximate ones that are 
frequently reported for adult male voices. One can probably assume that the level of 
speech that is usually studied as a normal or natural level is approximately 10 db. above 
minimum vocal effort for speech and about 20 db. below maximum vocal effort. Fourth, 
a slow rate characterizes soft speech. 
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AUTOMATIC SPEECH RECOGNITION PROCEDURES* 


Gorpon E. PETERSON 
University of Michigan 


This paper is concerned with the transformation of the varying acoustical parameters 
of speech to a discrete code to form the printed output of an automatic speech 
recognizer. The development of general automatic speech recognition procedures 
requires a definition of the linguistic code to be transcribed, and a statement of the 
dialectal and other conditions under which the recognition is to be achieved. 

Essential procedures in automatic speech recognition include: the analysis of the 
input speech wave into a series of basic acoustical parameters in frequency; the 
representation of the normalized parameters by a set of phoneme and prosodeme 
candidates by reference to stored linguistic information ; and the print-out into words 
separated by spaces and grouped by means of a set of punctuation marks. The 
possibility is considered of employing values of conventional spelling and punctuation 
in the automatic representation of spoken American English. 


INTRODUCTION 


Automatic speech recognition is primarily concerned with the conversion of the 
continuous functions of speech to a discrete symbolic representation. It is the 
objective of the present paper to discuss the general procedures and problems involved 
in making such a conversion. For basic concepts, the present paper relies heavily upon 
a previous development by Peterson and Harary (1961), and several terms are employed 
here in the manner defined in that reference. 

According to the above indicated paper, phonetically similar phones are phones 
which have the same vowel or consonant parameter values. Two phones are functionally 
similar if they have phonetically similar environments and occur in semantically 
equivalent utterances. A phonetically related set is a set of phones obtained by taking 
the union of a maximal set of phonetically similar phones and all sets of functionally 
similar phones which contain a member of that set. The various languages of the 
world involve a large number of different phonetically related sets ; any given language, 
however, involves only a relatively limited number of such phonetically related sets. 


* This research was supported by the United States Air Force Office of Scientific Research under 
Contract AF 49 (638)-492. The author would like to express his appreciation to Miss 
June E. Shoup and Dr. W. S-Y. Wang for their many helpful suggestions. This is a revision 
of a manuscript previously published under the title “ Linguistic Concepts in Automatic Speech 
Recognition Procedures” in the Proceedings of the Seminar on Speech Compression and 
Processing (Vol. 2), sponsored by the Electronics Research Directorate of the Air Force 
Cambridge Research Center, Air Research and Development Command, 28-30 September, 1959. 


ase 


SO - 


—_ 








201 


A phonetic recognizer which could distinguish among all possible phonetically related 
sets would be extremely complex, but even within a single language the number is 
far too large to make it practical to symbolize each different phonetically related set 
by a separate symbol at the output of an automatic speech recognizer. Rather, the 
objective is to approximate a phonemic transcription (as defined in the above mentioned 
paper). 

Since it is very difficult to define the limits of a language, it appears impractical to 
consider the construction of a general speech recognizer for any input within a 
particular language. As a minimum, however, it would seem that an automatic speech 
recognizer should respond properly to various speakers of a particular dialect of a given 
language. Machines designed for more restricted inputs, where the redundancy is 
higher, may of course encompass a broader range of dialects, i.e. as vocabulary is 
decreased dialectal range may be increased. 

In automatic speech recognition the speech wave provides the physical data which 
must be interpreted. Certainly, the speech wave does not contain the complete 
information necessary for its interpretation, for in generating and perceiving speech 
both the speaker and the listener have large amounts of stored information available to 
them. Thus there are two general types of information which are required to deter- 
mine the output of an automatic speech recognizer: the input speech wave and stored 
information. 

There are doubtless many different detailed procedures which may be employed in 
relating these two types of information to determine the output of a speech recognizer. 
At one extreme, the stored information might be employed to generate simulated 
speech waves, and these waves could then be compared with the waves to be identified. 
The simulated wave which had a minimum difference from the wave to be recognized 
would be accepted as a correct identification. It seems obvious, however, that for any 
one recognition it would be necessary to generate a large number of different waves, 
and that it would be difficult to determine when a minimal difference had been achieved. 


In a more restricted approach by speech simulation, stored information might be 
employed to generate various speech elements to be compared with the signal at 
successive stages of its analysis. At an early stage of the recognition process, for 
example, input speech spectra could be compared with simulated spectra generated by 
the recognizer ; simulated spectra having minimal differences from the input spectra 
would represent correct answers. Various types of simulations would be required at 
successive stages of the recognition process, and optimal identifications could be found 
by a series of successive approximations. When various detailed aspects of speech are 
generated for comparison with corresponding aspects of the input speech for the 
purpose of automatic speech recognition, the procedure may be called analysis by 
speech simulations. 

In automatic speech recognition it is necessary to perform a sequence of identification 
operations, with each operation in the sequence based upon relevant stored information. 
The concept of stored information is employed here in a broad sense. In addition to 
stored representations of linguistic elements (as phonemes or words), such devices as 
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passive filter sets and switching networks represent stored information. Various types 
of stored information are required at successive stages of the recognition process: for 
example, speech spectra, phoneme sequences, words, etc. If the information is stored 
in circuit design and computer memory, it may be used for reference at successive 
stages of the recognition process. When various aspects of the speech signal are 
compared with stored elements and distributions in automatic speech recognition, the 
procedure is that of dynamic speech analysis. 

It should be evident that the procedures of analysis by simulation and of dynamic 
speech analysis require essentially the same stored information and a similar sequence 
of operations for automatic speech recognition. They differ in instrumental detail, and 
possibly in recognition efficiency or accuracy. It is the approach of dynamic analysis 
which seems most reasonable to the present author and which will be developed in 
the present paper. 


ACOUSTICAL DATA IN AUTOMATIC SPEECH RECOGNITION 


While the speech code is largely organized in terms of the capabilities and constraints 
of the physiological mechanism, it is the acoustical form of the speech signal which is 
primarily available for analysis. Under favourable conditions of speech transmission a 
high degree of intelligibility can be achieved with only the acoustical form of the 
speech signal, and this fact is ample evidence that the acoustical form of the signal is 
an adequate input for automatic speech recognition. 


As is well known, acoustical speech waves involve a multi-dimensional continuum. 
The variations observed in acoustical speech waves reflect variations in the physiological 
production of speech (Fant, 1958), and so there is no basis for assuming a higher 
degree of quantization in physiological speech production than in the acoustical form 
of the speech signal. The transformation from the physiological production of speech 
to acoustical speech waves is highly complicated. Since several different physiological 
formations may map into the same acoustical time pattern, the correspondence is 
essentially many-to-one in nature. Physiological formations which map into the same 
acoustical time pattern form an acoustical equivalence class. 


It follows from the above considerations that it is not the problem of automatic 
speech recognition to perform an inverse transform on the acoustical speech wave to 
reconstruct the physiological details of speech production. Rather, the essential 
problem is to map a series of discrete code elements on to the multi-dimensional 
continuum of the acoustical speech wave. Obviously, such a mapping will be more 
consistent if there is a clearly defined relationship between the properties of the 
acoustical speech wave and the elements of the discrete code with which it is 
represented. 

A set of discrete elements, i.e. a code, may be used to provide a mathematical (and 
linguistic) representation of speech production. The transformation from speech 
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Fig. 1. Directed graph illustrating two different approaches to automatic speech recognition. 


production (P) to discrete symbols (S) may be symbolized by P> S, and the transforma- 
tion from speech production (P) to speech acoustics (A) may be symbolized by P> A. 
As illustrated in Fig. 1, it seems more reasonable to perform the transformation A> S 
for purposes of automatic speech recognition, than to attempt to follow the more 
devious route of A> P> S. Thus the essential problem of automatic speech recognition 
is to perform logical operations on the acoustical speech parameters to achieve a direct 
representation of the phonemes and prosodemes of the acoustical speech signal by 
means of a discrete code. Since the properties of this code are determined by the 
physiological speech parameters, however, it is obvious that the development of a set 
of logical operations for interpreting the acoustical speech waves will be considerably 
aided by reference to the processes of speech production. 

Speech waves. It is not the objective of automatic speech recognition to identify 
speech under all conditions of acoustics and conversational interchange. Where adverse 
acoustical conditions are imposed, it seems necessary to place a corresponding 
restriction upon the vocabulary to be recognized. The use of the basic procedures 
appropriate to general automatic speech recognition, however, should ensure greatest 
success in the case of limited vocabulary applications. 

It also seems reasonable to expect the speaker to make some adjustments to the 
equipment. But much of the purpose of automatic speech recognition would be 
defeated if major changes in the language of the speaker were required. Some care, 
however, in the use of the microphone, increase in articulatory precision, minor 
dialectal adjustments, etc., are reasonable to expect (Chao, 1956). 

There are various ways in which the essential variables of the acoustical speech 
wave may be specified and quantified. Speech normally involves all of the elementary 
types of audible sound patterns. In particular, speech involves approximations to 
silence, periodic waves, random noise, and impulses. While the definition of these 
various forms is beyond the purpose of this paper, it should be noted that each can 
be specified. 

Acoustical speech sound classes. Speech waves may be characterized by four types 
of acoustical time patterns which may be called acoustical speech sound classes. An 
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acoustical speech sound class is a class of time segments of speech involving a single 
acoustical form. Various analyses in the frequency and time domains may be performed 
in order to represent best the various parameters of these different types of acoustical 
waves. An acoustical speech parameter is a unidimensional time function which can 
be derived by means of a physical analysis of an acoustical speech sound class. The 
four acoustical speech sound classes and the parameters of which they are composed 
are as follows: 

(a) Quasi-periodic sounds involving recurrent excitation by one or more vibrating 
mechanisms, plus resonance (and sometimes also anti-resonance) due to the source 
and transfer functions of the vocal cavities. An essential aspect of these sounds is the 
recurrent excitation (produced by the vocal cords, velum, tongue-tip, lips, etc.). In 
this acoustical speech sound class the spectrum and over-all amplitude may vary as a 
function of time. Parameters: fundamental frequency and the resonance characteristics, 
i.e. the amplitudes, bandwidths, and frequencies of the resonances and anti-resonances. 

(b) Quasi-random sounds having a spectrum which is essentially continuous due 
to the frictional nature of the sound-generating mechanism involved in their production 
within the vocal cavities. Both the spectrum and over-all amplitude may change as a 
function of time. Parameters: the resonance characteristics. 

(c) Gaps or silence preceding, between, or following speech sounds. Parameter: 
(zero level) over-all instantaneous speech power. 

(d) Impulses following a gap which represent the release of an explosive or implosive 
sound (egressive or ingressive air). Parameter: (impulsive rise time and peak level) 
over-all instantaneous speech power. 

Various superpositions of these four basic acoustical speech sound classes may occur, 
of course, as quasi-periodic sounds simultaneously with quasi-random sounds. 


ACOUSTICAL PARAMETERS OF SPEECH 


We must now consider the analysis of speech waves into those acoustical speech 
parameters which are of primary significance for linguistic interpretation. Fant (1956) 
has previously discussed the interdependence of certain of the parameters. Most of 
the parameters merit further study, both in regard to their specification by instrumental 
procedures and in relation to their linguistic interpretation. It may be noted that most 
of the parameters involve relatively low information rates (Flanagan, 1956). Fortunately, 
techniques which may actually increase the precision of measurement beyond that 
possible with Fourier amplitude methods are now being successfully developed in 
some laboratories. 

Vowel and consonant parameters. The vowels and continuant consonants of speech 
are identified primarily by the resonance characteristics. These characteristics are 
evident in either quasi-periodic or quasi-random acoustical speech sound classes. There 
is evidence that fundamental voice frequency may also be of significance in the 
identification of vowels (Miller, 1953). 
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The relative formant amplitudes not only depend upon the resonance characteristics 
of the vocal tract, but also depend upon the input glottal spectrum and the radiating 
characteristics of the mouth and nose. In addition, the amplitude vs. frequency 
property of the acoustical environment in which the speech is produced (e.g. the room 
characteristic) may vary considerably. Thus there is reason to question whether 
formant amplitude information is particularly relevant in automatic speech recognition. 


Both gaps and impulses are significant in the identification of plosive phonemes. 
Gaps are primarily associated with voiceless plosives; voiced plosives have low 
frequency energy present preceding the impulse, and thus do not normally involve gaps 
as defined here. The impulse rise times and peak levels both appear to be distinctive 
characteristics of plosive releases. 


Prosodic parameters. As indicated in the previous paper, the three essential physio- 
logical prosodic parameters of speech are vowel and consonant duration, fundamental 
laryngeal frequency, and speech production power. The duration of vowels and 
consonants have discrete values, which may be plotted on a time base. Fundamental 
laryngeal frequency is directly represented in the harmonic structure of the narrow 
band analysis of speech, where it may be identified as fundamental voice frequency. 
Speech production power is an essential physiological speech parameter, but is related 
to acoustical speech power (as derived from the acoustical signal) in a complicated 
manner. The perception of vowel and consonant duration, fundamental laryngeal 
frequency, and speech production power are subjects which merit much further 
research. 

Acoustical parameters for automatic speech recognition. On the basis of the above 
discussion a set of information-bearing acoustical speech parameters may now be given. 
The following is a tentative list of the information-bearing acoustical parameters (or 
briefly, the informational parameters) of speech. 

(a) F, frequency of vowel or consonant first formant 

(b) F, frequecy of vowel or consonant second formant 

(c) F; frequency of vowel or consonant third formant 

(d) F, frequency of consonant first anti-resonance 

(e) Fz frequency of consonant second anti-resonance 

(f) F, fundamental voice frequency 

(g) d = duration of successive vowels and consonants 

(h) « instantaneous speech power 

(i) = average speech power 


The parameters of primary significance in vowel and consonant identification may 
differ somewhat from one language to another, but probably these parameters contain 
most or all of the information of significance in the identification of the vowel and 
consonant phonemes and the prosodemes of English. 

As is well known, the sound spectrogram provides a compact display of the 
resonance characteristics of speech sounds. While previous spectrographic methods 
have been imprecise in some respects, techniques are now being developed which may 
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provide the necessary exactness for speech analysis. For phoneme recognition it 
appears that a sound spectrogram-type of analysis would be most relevant. If formant 
amplitude information proves to be of importance to phonemic interpretations, then 
some type of three-dimensional spectrographic representation is necessary, in which 
amplitude is presented more accurately than on a binary scale. (The display, of course, 
may be assigned whatever form is most convenient for data processing ; it seems 
improbable that an optical type of display will prove most useful.) Obviously, separate 
analyses must be performed on the individual acoustical parameters in items (f) to (i). 


NORMALIZATION 


It is well established that the physical data basic to both phonemes and prosodemes 
do not have fixed magnitudes (Pike, 1947 ; Peterson, 1952). An examination of sound 
spectrograms makes it immediately obvious, for example, that the same absolute 
magnitudes of formant frequency do not obtain for the speech of men, women, and 
children. In a similar manner, different time functions of fundamental voice frequency 
may convey essentially the same information, although the frequency ranges involved 
are markedly different (Abdalla, 1960). The same information may be communicated 
by time variations in the parameter of speech production power whether the over-all 
voice level is low or high. Thus relationships within the frequency domain for the 
resonance characteristics, and relationships within the time domain for the prosodies of 
speech are highly significant in their interpretation. Obviously, such relationships 
must be derived from actual parameter magnitudes. 

The derivation of parameter relationships is equivalent to performing a normalization 
on the acoustical speech parameters after the initial analysis. The interpretation of 
acoustical speech parameters is here considered primarily to involve the identification 
of steady-state positions and controlled movements. Thus normalization of the parameters 
in the time domain appears unnecessary. A logarithmic spectrum analyzer provides an 
example of an unsatisfactory combination of parameter analysis and normalization. In 
a logarithmic analyzer, the filter width is proportional to the frequency of analysis. 
In such an instrument the lower and the higher formants are presented differently and 
both are presented in a manner which is not clearly or easily related to either speech 
production or speech perception. 

As a first approximation, however, logarithmic scales (not filters) offer some advantage 
for speech parameter normalization. Where frequency ratios are essentially constant, 
logarithmic scales provide similar patterns, regardless of the absolute magnitudes ; the 
patterns differ only by a constant factor of displacement. In some instances, it may 
also be desirable to normalize speech amplitudes. As a first approximation it may be 
appropriate to normalize both speech power and voice frequency measurements to 
logarithmic representations. Further study of the frequency relations among the speech 
of different speakers of identical dialects is particularly needed. Such a study should 
include data for the voices of men, women, and children. The scaling techniques 
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developed by Stevens (1960) should be applicable; basic data are also needed, 
however, on elementary signals having the parameters characteristic of speech. 

If parameter relationships in frequency cannot be adequately specified, a possible 
solution to frequency normalization for different speakers (of the same dialect) would 
be to have each speaker read a standard passage into the automatic speech recognizer. 
From a previous knowledge of the phonemic composition of the passage, the machine 
could then determine an optimal frequency normalization for the input signal 
parameters for any given speaker. 


LOGICAL AND STATISTICAL INTERPRETATIONS 


The correspondence between sets of acoustical speech parameters and the phonemes 
and prosodemes of speech is highly complicated (Peterson, 1957). It is an assumption 
of the present paper that the relation between acoustical speech parameters and 
phonemes and prosodemes of any given language must be established largely on an 
empirical basis. 

Normal conversational speech is far from an idealized sequence of independent 
steady-state positions and controlled movements. The linguistic interpretation of any 
particular speech parameter is often affected by the values of other parameters which are 
associated with it. Sequential intereffects in the time domain may also be considerable. 
For example, intereffects among vowel and consonant sequences have been described in 
detail in the phonetic literature where they are identified as assimilation, and in the 
phonemic literature where they are recognized as one basis of allophonic variation. The 
intereffects probably result from attempts to balance the requirement of intelligibility 
against minimal effort in speech production and perception (Zipf, 1949). 

According to the above proposed procedures of analysis, the acoustical speech 
parameters will appear essentially in continuous or analogue form both preceding and 
following normalization. The next procedure in automatic speech recognition should 
be to perform measurements on these parameters. From these measurements phoneme 
and prosodeme candidates and their probabilities may be established. A simplified 
statement of the objective is to develop a set of mechanical rules for reading sound 
spectrograms. The problem is basically that of determining a set of logical and 
statistical procedures for interpreting the information-bearing acoustical parameters of 
speech. The probability associated with each measurement would be determined by 
the degree to which a given set of parameters or parameter sequences corresponds to 
a previously determined statistic for a specific phoneme or prosodeme. 

Because of inexactness in speech production and the interference of internally and 
externally generated noise, clear and unambiguous phoneme and prosodeme identifica- 
tions cannot in general be derived directly from the acoustical speech parameters. 
Rather, in the initial reduction of the acoustical data to phoneme and prosodeme 
sequences, a figure of probability should be associated with each individual identifica- 
tion. In the case of phonemes, this means that several different phonemes may be 
candidates for any given position within the sequence, and that each will have a 
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probability value associated with it. It should be noted that the sum of the probabilities 
of the various candidates for any given position within the phoneme sequence should 
have unity as a limit. For convenience in the subsequent discussion, phoneme and 
prosodeme probabilities based on the measurement of acoustical speech parameters 
will be called acoustical probabilities. 

Obviously, the development of logical and statistical procedures for deriving a set 
of phoneme and prosodeme candidates from the acoustical speech parameters is both an 
important and a challenging research problem. A device which will perform such 
logical operations on the acoustical speech parameters obviously is not simply an 
analogue-to-digital converter, for the conversion process involves something more than 
the routine quantization of the input parameters. This type of transformation from 
the continuous to the discrete is essential in automatic speech recognition. 


LINGUISTIC STORAGE 


The inaccurate phoneme and prosodeme sequences as derived from the normalized 
acoustical speech parameters, perhaps broken only by the natural pauses of the speaker, 
may be satisfactory for many restricted applications of automatic speech recognition. 
For general purposes, however, precision in the automatic recognition of speech should 
be greatly enhanced by the use of stored information about the language involved 
(Fry and Denes, 1958). The acoustical phoneme and prosodeme probabilities may 
then be referred to the stored information for final decisions regarding the printed 
output. 

Under any circumstances of automatic speech recognition, it is obvious that an 
inventory of the phonemes and prosodemes to be recognized must be stored. In a 
minimum type of automatic speech recognition procedure, probability information 
might be disregarded. In such a procedure the acoustical recognizers would yield only 
highest ranking phoneme selections at the output. Stored word possibilities might then 
be employed to correct and to separate the phoneme sequences resulting from the 
acoustical identifications. 

Data regarding the frequency of occurrence of the stored linguistic units, however, 
should be of considerable value in interpreting the acoustical outputs. Linguistic 
probabilities will, of course, be of greatest value when there is the most uncertainty 
about the acoustical outputs, i.e. when the acoustical probabilities are universally low. 
When the degree of certainty is low, it seems clear that accuracy in recognition would 
be enhanced by such probabilities. For convenience in the subsequent discussion, 
frequencies of occurrence of the various linguistic units stored in the recognizer will 
be called linguistic probabilities. 

Phonemes. Probably the most elementary linguistic statistics (or at least the most 
obvious) that might be considered for automatic speech recognition are the individual 
phoneme frequencies of occurrence. A study has been made of the degree of correlation 
among several existing frequency lists of English consonants (Wang and Crawford, 
1960). The authors found a sufficiently high agreement among the various frequency 





: 
; 





T_T nr a ig rg rr 


— ee ons 





Gordon E. Peterson 209 


counts to suggest that the frequency distribution of the sounds is relatively stable for 
a wide variety of situations. Since there is considerable redundancy in English 
(Shannon, 1951), however, sequential probabilities should be of greater value than 
the probabilities of isolated elements. As the number of elements in the sequence is 
increased, the storage required increases approximately exponentially ; also, in general, 
longer sequences will be less likely to occur. It should be noted that higher order 
phoneme sequence probabilities subsume those of lower order. As discussed in the 
next section (words), however, word probabilities should be of much greater value in 
automatic speech recognition than the probabilities of phoneme sequences derived 
without regard for word boundaries. 


The phonemes of a language may be identified according to the physiological speech 
parameter values involved in the formation of the phones of the canonical allophones 
of those phonemes. Such a phonemicization for Midwestern American English is 
suggested in Fig. 2. The figure is constructed according to basic considerations out- 
lined in the paper by Peterson and Harary (1961) ; such a chart provides a means of 
classifying the phonemes and prosodemes of a language. For each phoneme the symbol 
from the International Phonetic Alphabet has been selected which most closely repre- 
sents the phones of the canonical allophone of that phoneme. In the consonant chart 
the voiceless consonants are entered in the first position, and the voiced ones in the 
second. 

Variants of [m,n,l,r] occur in sequential positions similar to those normally occupied 
by vowels in Midwestern American English. They involve consonant and not vowel 
formations, however ; for example, the posterior “edges” of the tongue have a very 
different shape for all positions of English [lI] or [r] than for lateralized or retroflexed 
vowels. Under certain conditions of stress the coalescence of Midwestern American 
English I err and ire illustrates the strong phonetic similarity of the [r] formation in 
the position normally occupied by vowels and in that normally occupied by consonants. 
Thus it appears that the distinction indicated by the use of both /a/ and /r/ in 
the transcription of Midwestern American English results from morphemic rather 
than from phonemic considerations. Thus, for example, according to the above 
discussion, bird and butter might be written phonemically as /brd/ and /botr/, 
respectively. 

Words. It does not seem likely that the symbols for vowel and consonant phonemes, 
strung together continuously without spaces and punctuation, would be easily inter- 
preted. The following sentence, in IPA notation, is an example of a phoneme sequence 
which might result from the direct printing of relatively accurate highest ranking 
identifications based on acoustical data: 

diszosemplovdetaipeskripdotmaitbiikspektodwi despitfraitr 

More complex linguistic units are clearly required to separate such sequences. While 
the linguists have found the “ word ” exceedingly difficult to define, such a definition 
seems unnecessary for the purposes of the present paper. One type of separation which 
should considerably aid the interpretation of the phoneme strings is the insertion of 
spaces between words. A stored vocabulary would, of course, be of considerable aid 
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VOWEL AND CONSONANT PARAMETERS 
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Vowel and Consonant Duration 


Modifyi Vowel 
and 


Consonant Parameters 

Air Direction 
Egressive - all 
Ingressive 


Laryngeal Actions 
Whispered 
Breathy (v) 
Clear (v) - all 
Laryngealized (v) 
Voiceless (c) m,f,9,h,8,J, 
p,t,k 
Voiced (C) m,n,y,w,1,r,Jjy 
v,6,2,3,b,4,g 


Secondary Articulations 
Spread (v) 
Rounded (v) u,u,0,2 
Labialized (c) 
Balatalizea (c) 
Lateralized 1 
Retroflexed r 
Velarized w,r,M 
Nasalized 
Pharyngealized 
Glottalized (c) 


PROSODIC PARAMETERS 


Short Mid Long Extra-long 


Fundamental Laryngeal Frequency 
Low Low-mid Mid Mid-high High Extra-high : 


Speech Production Power 


Weakest 


‘Weak Mid Strong Extra-strong 


Fig. 2. The physiological parameter values of the phones of the canonical allophones of the 
phonemes of Midwestern American English. 
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in achieving such a separation, and should greatly facilitate the process of automatic 
speech recognition. With a large computer memory it should be possible to 
store most words which will occur, but new words are continually generated in 
language and not all proper names can be predicted. Obviously, the storage should 
be of those words which occur more frequently, and the frequency of occurrence may 
also be stored with each word. Since each word must be recognized in phonemic form, 
the words must be stored in the computer in phonemic form. In continuous speech 
some words may be represented by more than one phonemic sequence, however, and 
thus it may be desirable to store more than one phonemic pattern for some words. 
Obviously, it would also be possible to store conventional spelling with the individual 
words. 


In most languages (including English) the permissible phoneme sequences within 
words are an essential aspect of the language structure. The storage of these allowable 
sequences might facilitate the separation of phoneme strings when words occur which 
are not contained in the computer memory. Since these would be unusual words, such 
as uncommon proper names, rare words, etc., it is questionable as to whether informa- 
tion about the frequencies of occurrence of the allowable sequences of phonemes would 
be particularly valuable. The frequencies of phoneme sequences within words will 
be different from the frequencies of those same sequences when tabulated without 
regard to word boundaries. Since an objective in automatic speech rcognition is to 
separate the phoneme strings into words, it appears that statistical data without regard 
to word boundaries would not be particularly useful in automatic speech recognition. 


It is clear that the storage would be tremendously elaborated if word sequence 
probabilities were also incorporated. It does not seem likely that such probabilities 
would be of sufficient value in automatic speech recognition to justify the resulting 
complexity. 


In addition to phonemic structure, stress is also an essential component of English 
lexicon. Thus it seems desirable in automatic speech recognition to store the normal 
stress pattern with each word. The properties of lexical stress in English have not yet 
been clearly defined. It has been demonstrated in various research studies that judg- 
ments of “ lexical stress” in English are not only associated with speech power, but 
are perhaps even more strongly determined by fundamental laryngeal frequency and 
vowel duration (Fry, 1955, 1958 ; Lehiste and Peterson, 1959). The respective roles 
which the various prosodic parameters serve in lexical stress require much further 
quantitative study. The subdivision of vowel and consonant phoneme strings into 
lexical items should be considerably aided by such stress information. Since the 
measurement of stress from acoustical data, is highly complicated, however, the extent 
to which it will be of value in automatic speech recognition may be influenced by the 
complexity of instrumentation required for its specification. 


Essential considerations in the use of lexical storage for automatic speech recognition 
include the relative number of words which cannot be anticipated (such as new words 
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or proper names) and the relative number of words which would cause ambiguities. 
With regard to ambiguities, there are three relationships among words which may be 
considered: words which are pronounced in the same manner and (a) are spelled the 
same but have different meanings (e.g. seal, seal) ; (b) are spelled differently and have 
the same meaning (e.g. gray, grey) ; and (c) are spelled differently and have different 
meanings (e.g. stair, stare). Only words of type (c) would directly cause ambiguities in 
the printed output of an automatic speech recognizer. 


To obtain some initial estimate of the difficulties which the homonyms of type (c) 
would present, an examination was made of a list based on the 1,263 CNC mono- 
syllables previously described by Lehiste and Peterson (1959). When proper names 
were excluded, 156 of the CNC words were homonyms which had at least two different 
spellings, and of these 156 words, 13 had three different spellings. While homonyms 
also occur among polysyllabic words, it seems reasonable to expect that the relative 
frequency of their occurrence will be appreciably less. 


Lehiste (1959) has previously identified a number of acoustical cues to word 
boundaries. Whether such cues are sufficiently distinct and unambiguous and also 
sufficiently frequent to be useful in automatic speech recognition is yet to be determined. 


An interesting complication to the separation of phoneme sequences on the basis 
of lexical information results from the fact that short words may be contained within 
longer words (e.g. in, crease, increase). Decisions about word spacings in such 
ambiguous cases can doubtless be made sometimes on the hasis of stress ; possibly 
other types of information may also be of value. In some instances, however, such 
ambiguities can only be resolved by the use of semantic information. The use of such 
information is, of course, beyond the scope of the procedures considered here. In these 
latter cases, in the absence of semantic information, it seems most reasonable to make 
the maximum number of intelligible lexical subdivisions. 


Word groups. There is the additional problem of grouping words into larger 
linguistic units. Probably a semantic criterion would be the most difficult to implement. 
The use of semantic information would require processes very different from those 
discussed in this paper, and the possibility will not be considered here. The grouping 
of words into grammatical units, as sentences, is another possibility. Since an utterance 
may be meaningless but may have a normal grammatical form, the constraints on 
grammatical utterances are much less than are those on meaningful utterances. There 
are many different types of complete grammatical statements in a language such as 
English, however, and a very large number of words may normally be used in more 
than one grammatical category. Thus it would be exceedingly difficult to determine 
mechanically the possible grammaticalness of each potential word sequence. If the 
criterion of grammaticalness is imposed on the input, however, then stored syntactic 
information may be of practical value in automatic speech recognition. This possibility 
requires much further investigation and research. 


Prosodemes. In addition to stored grammatical information, the acoustical speech 
waves contain information directly relevant to word groupings. In the acoustical waves 
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of speech such groupings are primarily indicated by variations in fundamental voice 
frequency, and in speech power (including pause or zero speech power). 


Vowel and consonant duration, fundamental laryngeal frequency, and speech 
production power have been specified previously in physiological terms and have been 
called the physiological prosodic parameters of speech (Peterson and Harary, 1961). 
A prosody is a vowel or consonant duration or a prosodic parameter value or sequence 
of values which contains an approximation to a steady-state or a steady-state with an 
associated controlled movement. An alloprosody is the set of prosodies contained in 
the intersection of a maximal set of prosodically similar prosodies and a primary 
prosodically related set of prosodies. A prosodeme is the set of all alloprosodies which 
lie in primary prosodically related sets having non-similar prosodic environments, and 
which have canonical alloprosodies with pairwise minimal prosodic differences (not to 
exceed some specific upper limit). Prosodemes of vowel and consonant duration and 
fundamental laryngeal frequency are basic to linguistic systems of quantity and tone. 
Prosodemes of rhythm, intonation, stress, and accent appear to involve alloprosodies 
composed of various combinations of prosodies of vowel and consonant duration, 
fundamental laryngeal frequency, and speech production power. Further research on 
the prosodemes of individual languages is required in order to specify the manner in 
which such combinations are formed. 


In the case of English, much has been written about the “ suprasegmentals ”, but as 
yet the prosodemes are not well defined. Intonation and lexical and syntactic stress 
appear to be the chief types. The identification of the various prosodemes of English, 
however, continues to be a major problem. 


It is well known that prosodic information is not completely represented in the 
customary punctuation of English. Thus it is often possible to determine more 
precisely what is meant by hearing a message spoken than by reading the message in 
orthographic form ; the difference is due largely to the lack of detailed syntactic stress 
and intonational information in printed English. Thus prosodemes might be represented 
directly in the output of an automatic speech recognizer for English. The value of 
such information in printed material might be questioned, however, in view of the 
limited manner in which it is represented in the printing systems (punctuation) of 
many different languages. An alternate approach would be to reduce the prosodemic 
information to an approximation to conventional punctuation. 


Trager and Smith (1951) have proposed that intonation contours in English are 
associated with various types of utterance terminations. While pause may be of 
assistance in identifying word groupings, pause is an aspect of speech style and may 
at times be a false cue to punctuation. There is an obvious need for further experi- 
mental investigation of the nature of intonation and stress and of their relation to 
syntactic units. In the automatic recognition of spoken English it appears that once 
identified, at least the most frequent stress and intonation prosodemes and their 
associated probabilities should be stored for reference. 
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COMPUTATIONAL PROCEDURES 


In the essential computer operation of automatic speech recognition, the phoneme and 
prosodeme candidates, based on the acoustical parameters, should be referred to stored 
linguistic probabilities. As indicated in the previous discussion, it seems undesirable 
to have the recognition procedures strongly influenced by linguistic probabilities when 
the acoustical probabilities are high. However, when the acoustical probabilities are 
low, recognition should be more successful if linguistic probabilities have a relatively 
larger influence upon the decisions. Thus the weighting given to the linguistic 
probabilities should depend upon the values of the acoustical probabilities. Further, 
it seems that the decisions should be a function of the degree of reliability of the 
acoustical analyzers. We may represent this reliability by a positive factor k ; when k 
is large, the final decision should be more influenced by the acoustical than by the 
linguistic probabilities. Decision theory should provide the basic approach to the 
problem. However, as an illustration we may let: 


A; < 1 be the acoustical probability that the phoneme is f. 
L; < 1 be the linguistic probability that the phoneme is f. 
k_ be a weighting coefficient. 


P, be the combined score derived for a particular phoneme f. 


A simple procedure for combining the acoustical and linguistic probabilities may now 
be expressed by the relation: 


P; = kA; + (1-A;) Ly 


where: 
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The equation may be represented by families of straight lines with A; as the 
independent variable, P; as the dependent variable, and L; as the parameter. The lines 
intersect at P; = k and the intercepts on the ordinate are L;. When k > 1 all 
of the lines have a positive slope, and when k < 1 the lines for L; > k have a 
negative slope ; the lines are parallel to the abscissa when L; = k. In this relation the 
weighting given to the linguistic probabilities depends linearly upon the magnitude of 
the acoustical probabilities. 


The resulting phoneme sequences may be grouped into words according to stored 
information about phoneme sequence probabilities and word occurrence frequencies. 
It may be possible to employ grammatical information in grouping the words into 
syntactic units. However, the prosodemes may provide the primary basis for syntactic 
decisions. 
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As has already been discussed, the objective is to achieve the symbolic representation 
of the speech of a particular dialect, when produced under favourable acoustical 
conditions. As indicated above, in a general purpose automatic speech recognizer it 
should be possible to store the English spellings of most of the individual words to be 
printed in the output. Certain ambiguities will occur, as in the case of homonyms. 
Unusual words which cannot reasonably be anticipated for storage also present a 
problem. For such words some type of phonemic notation seems most appropriate. 


Symbolization. Some of the problems in the choice of phonemic symbols for 
presenting the output of an automatic typewriter for English have been discussed by 
Fry and Denes (1957) and by Wang (1960). Symbols for transcribing the unusual 
words might be selected from the International Phonetic Alphabet according to the 
canonical allophones of the phonemes of the particular dialect involved. The transcrip- 
tion of such words might have a less traumatic effect upon the reader, however, if 
symbol selection were based upon conventional spelling. 


When an alphabet is based upon conventions of English spelling, it is obvious that 
it cannot be a strict phonemic alphabet. It is common in English, for example, to 
represent a sequence of two phonemes by a single letter. A major criterion in the 
selection of the symbols suggested below is the frequency with which they represent 
various phonemes in conventional spelling. 


Vowels. The vowels of English present more serious problems of phonemicization 
than the consonants, and phonetically they differ considerably from one dialect to 
another. Gleason (1955) has summarized the competing transcriptional systems 
proposed by various phoneticians and linguists. Many of the differences concern the 
duration and glide features (in contrast to transitions) associated with the vowels. A 
tentative vowel symbolization to be employed in transcribing unusual words in Mid- 
western American English is shown in Table 1. The symbols have been chosen to 
approximate common English spellings, rather than to preserve phonetic or phonemic 
conventions of transcription. One symbol, 2, has been introduced which is not found 
in conventional spelling. Since the sound is very common in unstressed positions in 
English it should be interpreted readily. The vowel portion of words such as “ hose ” 
and “late” appear to involve a sequence in which a steady-state is followed by a 
characteristic movement, or conversely. According to the previously mentioned paper, 
such sequences are treated as one phoneme, whereas diphthongs which involve two 
steady-state conditions are considered sequences of two phonemes. Since there is a 
common spelling for most of the diphthongs in English, these are also included in the 
proposed vowel orthography and are listed in Table 1. The previously mentioned IPA 
symbols for the phonemes and phoneme sequences are shown in the first column. 


Consonants. There is rather good agreement among phoneticians and linguists 
regarding the consonant system of English. Also, the consonants do not differ greatly 
in their phonetic characteristics from one dialect of English to another. A tentative 
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TABLE 1 


IPA SYMBOL ORTHOGRAPHIC SYMBOL KEY WORD 


i ee feet 

I i sit 

e ai pain 

€ e set 

2 a sat 

a ° top 

he) au taught 

0 oa goal 

u u full 

u 00 tool 

A, 2 3 such, about 
*al ei height 
*9I Oi toil 
*qu ou bout 


Tentative list of vowels and diphthongs* with characteristic spellings for the automatic 
recognition of English. 


TABLE 2 
IPA ORTHOGRAPHIC KEY IPA ORTHOGRAPHIC KEY 
SYMBOL SYMBOL WORD SYMBOL SYMBOL WORD 
rN wh what w w watt 
f f fat Vv Vv vat 
6 th thick 5 th this 
s s sat z z z00 
J sh should 3 zh rouge 
*tf ch chat *d3 j jaw 
h h hat j y yes 
p p pat b b bat 
t t tap d d dad 
. . kit g g give 
m m mat 
n n not 
D ng sing 
l ] laugh 
r r rest 


Tentative list of consonants and affricates* with characteristic spellings for the automatic 
recognition of English. 
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list of consonant symbols for use in the automatic recognition of unusual words of 
Midwestern American English is shown in Table 2. In general, the orthographic 
symbols have been assigned according to the phonemes which they most frequently 
represent in ordinary English spelling. According to the previously mentioned theory, 
the affricates /t{/ and /d3/ would consist of two phonemes. Since they have a 
characteristic spelling in English, however, this has been preserved in the proposed 
system, as shown in Table 2. Symbols selected from IPA for the phonemes and 
phoneme sequences are shown in the columns at the left of the orthographic symbols. 

Punctuation. The symbols of English punctuation may also be employed. It would 
not be simple, however, to follow the present conventions in their use. For example, 
some commas could be inserted, but it appears unlikely that the positions for colons 
and semi-colons could be distinguished consistently from those of commas without 
semantic information. Both periods and question marks could be inserted according to 
syntactic stress and intonation, but their resulting distribution would then differ from 
that found in conventional punctuation. 

Instead of attempting to approximate conventional English punctuation, symbols 
might be inserted in the recognizer output for the direct representation of prosodemes 
of syntactic stress and intonation. A procedure for linearizing the combined phoneme 
and prosodeme representation of utterances has been outlined previously (Peterson 
and Harary, 1961). 


SUMMARY 


Many would agree that a revision of English orthography is long overdue. It might 
be hoped that the revision would be hastened by the development of automatic speech 
recognition. Since conventional spellings can be stored with the phonemic forms of 
the more common words, however, it appears that most of the printed output of an 
automatic speech recognizer could be presented in conventional spelling. 

We may now tabulate a general procedure for the automatic recognition of utterances 
within a particular dialect of a language. The essential operations are indicated in the 
schematic diagram of Fig. 3. 

(a) The analysis of the input speech wave into a series of basic acoustical parameters. 

(b) The normalization of the acoustical speech parameters into a standard frequency 
form for interpretation. 

(c) The representation of the normalized acoustical parameters by a discrete set of 
phoneme and prosodeme candidates and their associated acoustical probabilities. The 
conversion may be based on an empirical set of logical operations performed upon the 
normalized acoustical speech parameters. 

(d) Interpretation of intonation and stress prosodemes by referring the prosodeme 
candidates to stored information. These prosodemes may be represented in the output 
of the recognizer, or may be used as the basis for printing conventional punctuation 
marks. 
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Fig. 3. Schematic diagram of automatic speech recognition procedures. 


(e) Interpretation of the phoneme candidates and their probabilities and grouping 
them into words. The interpretations should be made by means of an optimization 
procedure, in which relatively long phoneme strings are analyzed concurrently ; i.e. the 
data for each phoneme sequence should be stored and then interpreted with reference 
to the entire sequence. This process is very different from a serial procedure in which 
irrevocable decisions are made in a time ordered series. 


(f) Grouping of the word sequences according to the prosodemes, and according to 
stored grammatical information when it can be applied. 


(g) Print-out into words separated by spaces and grouped according to punctuation 
marks. Common words could be printed in ordinary English, but unusual words 
would require a special alphabet, such as that suggested in Tables 1 and 2. If desired, 
symbols for prosodemes of intonation and syntactic stress may also be printed. A 
system of punctuation, based on the symbols customarily employed in punctuating 
English, may instead be printed. 


While much research has been conducted which is relevant to all of the above 
procedures, each continues to present major technical problems. The resolution of 
these problems requires continued basic research as well as instrumental development 
in automatic speech recognition. While the total system implied by the above pro- 
cedures may now seem highly complex, this complexity does not appear to exceed the 
promise of the rapidly developing electronics and associated computer technology. 
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CONTINUITY OF SPEECH UTTERANCE, ITS 
DETERMINANTS AND ITS SIGNIFICANCE 


FRIEDA GOLDMAN-EISLER 
University College, London 


Pause frequency and word length of speech sequences uttered without break (referred 
to as “ phrases ”) were measured, using speech produced under a variety of conditions. 
Several subjects were recorded in each condition. Individual differences as well as 
differences due to change of speech situation were highly significant. The significance 
of continuity in speech production is discussed in the light of the specific nature of 
these various differences. 


INTRODUCTION 


The fact that speaking is rarely continuous sound production, but consists 
of the utterance of sound sequences of varying lengths interrupted by pauses 
has been pointed out in previous work (Goldman-Eisler, 1956). That such pauses can 
take up a considerable proportion of the total speaking time has also been shown. No 
measurements, however, had so far been made of the lengths of the word sequences 
uttered continuously and of the frequency of the individual phrases alternating with 
these word sequences. The former is a function of the latter, and is expressed as a 
number of words per pause which is at the same time a measure of the frequency of 
pauses in relation to word production. 

The sequences of words uttered without break will be referred to as “ phrases ” and 
interruptions of the vocal utterance of not less than 0.25 sec. are classified as “‘ pauses ” ; 
breaks of less than 0.25 sec. are not counted because they might be due to changes of 
articulatory position and delays in the articulatory process as such. 


TECHNIQUE OF MEASUREMENT AND MATERIAL 


In order to measure the word length of the individual phrases sandwiched between 
pauses, visual transformations of speech have to be obtained, transferring the sound 
impulses to paper, using a pen-recorder (see Goldman-Eisler, 1956, 1958) and the 
visual tracings have to be synchronised with the verbal content of the records. This 
was done for the speech uttered in a previously reported experiment (Goldman-Eisler, 
1961) in which nine subjects were asked to describe the events occurring in serial 
cartoon stories without captions (of the kind regularly published in the ““ New Yorker ”) 
and to formulate the meaning, point or moral of the story. They were also asked to 
repeat these descriptions and the summaries six times. Experimental conditions were 
thus created for the study of verbal behaviour (a) when speech is produced within a 
relatively concrete situation, i.e., a given sequence of events (through their description) 
and (b) in speech uttered in the process of abstracting and generalising from such 
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events (through summarising their meaning). Apart from the specific nature of the 
verbal task which stimulated this speech material, the situation was such that the 
speaker was not restricted in time and that his speech was a monologue. 

In order to find out whether word length of phrases reflected the specific speech 
situation and nature of the verbal task the mean phrase length (in words) was also 
calculated for two basically different speech situations, namely discussions and 
psychiatric interviews which had been recorded in connection with previous experi- 
ments. In either of these speakers are constrained less and in a different way than in 
descriptions of pre-selected material. There is greater fluidity and scope for changing 
subject matter depending on the speaker’s own initiative as well as that of his inter- 
locutor. Furthermore, discussions are dialogues (or multilogues) and the time available 
to each speaker is always liable to be encroached on and cut short by the interlocutor. 

While this is also true, to some extent, of the psychiatric interview, there are wide 
differences of purpose, discipline and relationship of interlocutors. In discussions, 
contestants are of equal status, while difference of status is the hall-mark of the 
interview situation. The benevolent and usually permissive superiority of the 
psychiatric interviewer aims, among other things, at relaxing the patient’s sense of 
urgency and time pressure. His professional aim is to stimulate and guide the patient 
to talk freely about that which concerns him. The interviewer’s utterances are geared 
mainly to this purpose, the interviewee is the acknowledged main speaker. In 
this sense the interviewee is more like the subject asked to describe and summarise 
cartoons. He too has the benefit of being allowed plenty of time in which to express 
himself. 

For the discussions, no measurements of the individual phrase word length were 
available, but the mean phrase lengths were calculated by dividing the number of 
words produced by the number of pauses. Such data were gained for two groups of 
discussions : 

(a) Discussions on controversial topics by academic personnel (4 subjects A,B,C,D ; 
one group discussion between A, B and C, and one discussion between C and D). 

(b) Similar discussions in groups between adolescent boys drawn from middle-class 
and working-class backgrounds, and matched for verbal and non-verbal intelligence. 
(I am indebted for this material and the data underlying the measure of phrase length 
to Mr. Basil Bernstein.) 

A wide range covering individual as well as group differences of class, education and 
intelligence was thus drawn upon to represent speech in the situation of discussion. 

For psychiatric interviews measurements of the word lengths of individual phrases 
were available. The word length of individual phrases was also obtained for a further 
variant of speech situation, the speech being derived from the cartoon experiment after 
the descriptions of the cartoons and the summaries of their meanings had been repeated 
seven times. While in the original cartoon experiment as performed for the first time 
and in the discussions, speech was spontaneous, i.e. organised anew, at the time of 
speaking, in the repetitions speech had become more or less automatic, the result of 
practice, the verbalisation of well-learned connections. 
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TABLE 1 
Situation ; CARTOON EXPERIMENT : 
Verbal Task : Describing cartoons Summarising meaning 
Ist time 7th time Ist time 7th time 
Subjects W/P W/P W/P W/P 

Tho 6.0 8.8 4.6 4.0 

Ha 4.4 72 3.6 6.1 

Tr 4.3 5.4 3.8 49 

Wi 3.7 8.3 3.9 10.9 

Sa 4.6 5.3 35 6.5 

Gi 5.6 6.0 5.6 4.2 

Ne 5.5 7.0 5.7 5.7 

Aa 3.2 3.7 2.5 3.3 

Do 4.7 7.1 32 5.9 


Situation : DISCUSSION 
Verbal Task: Debating 


Subjects : (1) Adult academic workers (2) Adolescents 
W/P Ww/P 

A 5.3 11.7 6.3 

B 11.1 is 9.3 7.2 

Cc 12.9 4.3 2.8 

Cc 5.8 8.0 11.1 

D 11.1 5.6 8.7 

5.6 8.2 

8.0 ye 

6.8 8.2 


Situation ; PSYCHIATRIC INTERVIEW 
Verbal Task : Relating personal history and 
background of illness. 
Subjects : Neurotics 


MmnAwe 
an 
ies) 


Phrase length, ie. number of words per pause (W/P): means for individuals. 


RESULTS 


(1) Table 1 shows the mean phrase lengths measured in number of words of 
individuals in the different speech situations. The figures for descriptions of cartoon 
series and the formulation of their meaning done for the first time and for the seventh 
time are drawn from the same nine subjects (9,743 words). The figures for the 
discussions are drawn from a group of different subjects, twenty-one altogether (9,950 
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Fig. 1. Frequency distributions of mean phrase lengths for different speech situations. 


words). The figures for the psychiatric interviews are based on 5,096 words uttered 
by five patients. As may be seen from the distributions in Fig. 1, the discussions cover 
the widest range of phrase length. Their distribution embraces the distributions of 
the same measure derived from the speech uttered when describing cartoons and 
formulating their meaning for the first and seventh time, and those derived from the 
interviews. 

(2) Cartoon Descriptions and Summaries. 

An analysis of variance was computed for the data derived from the cartoon 
experiment comparing (a) the individual speakers, (b) descriptions with summaries, 
and (c) the original and spontaneous versions with the well-learned repetitions. We can 
see from Table 2 that individual differences are highly significant (p < 0-001), and 
that differences in the conditions of speech production, such as between spontaneous 
utterance which is coincident with the verbal planning on the one hand and the 
utterance of familiar, well-learned sequences after several repetitions on the other, 
have a systematic effect on the phrase length of individuals (p < 0-001). Well- 
learned sequences have greater continuity, repetition leading to a closure of gaps, 
particularly in descriptive speech where the mean increase of continuity was from 
4-8 to 7-4 words. Fluency in the utterance of summaries is enhanced to a much lesser 
extent (from 5-2 to 6-5 words). At the same time the difference of level of verbal 
planning which distinguishes the description of concrete events from the formulation 
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TABLE 2 
SOURCE SUM OF SQUARES df VARIANCE ESTIMATE 
Descriptions and summaries 4.36 1 4.36 
Before and after learning 316.05 1 316.05 
Between subjects 538.71 8 67.35 
Interaction 466.00 305 58.25 
Error 2010.33 8 6.59 

323 

F Descriptions /Summaries/Error = 0.66 NS. 
F Before and after learning/Error = 47.98 Pp < 0.001 
F Subjects/Error = 10.17 p < 0.001 
F Interaction/Error = 8.84 Pp < 0.001 


Analysis of Variance. 


Phrase length (W/P) for descriptions and summaries uttered before and after learning, based 
on 9 subjects and 9 cartoons. 


of their meaning and which was so clearly reflected in the length of pauses (Goldman- 
Eisler, 1961), is not reflected in degree of continuity as measured by lengths of phrases 
(or frequency of pauses) ; it is, however, reflected in the gain of fluency after learning 
has taken place. 

The interaction between individuals and effect of learning on continuity of speech 
production is highly significant. This interaction is particularly significant in the 
formulation of summaries, and F ratio for these being 3-30 (p = 0-001) while for 
descriptions it is 2-77 (p < 0-01). In other words, the effect of repetition on continuity 
depends on the individual more in the summaries than in the descriptions (Table 3). 
This is further substantiated by the results of the analysis of variance performed on 
the gains (or losses) in continuity after learning (Table 4). This showed that the 
discrepancy between first and seventh version (gain or loss in phrase length) was a 
matter of the individual speaker to a much greater extent in the summaries than in 
the descriptions. The F ratio comparing the variance for individuals with the error 
variance was 4-44, p < 0-001 for the summaries, but only 2-60, p < 0-05 for the 
descriptions. 


Examining the data, it became clear that different individuals responded to 
repetitions differently, some gaining in continuity whilst others showed greater dis- 
continuity in the summaries after learning than before. Descriptions, on the other 
hand, were generally uttered with considerably greater fluency after learning. 

Learning thus has a greater levelling effect on individual differences when speakers 
respond to the easier verbal task of describing events than in the more difficult operation 
of formulating their meaning. This is further substantiated by the differences in F 
ratio when comparing the phrase length of learned with spontaneous speech separately 
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TABLE 3a 
SOURCE SUM OF SQUARES df VARIANCE ESTIMATE 
Between subjects 304.33 8 38.04 
Before and after learning (blocks) 282.43 1 282.43 
Interaction (block and subjects) 121.21 8 15.15 
Error 789.17 144 5.48 


F Learning/Error 

F Subjects/Error 

F Before and after learning/ Subjects 
F Interaction/Error 


51.53 p < 0.001 
6.94 p 

742 p < 0.05 
2.77 p < 0.01 
Analysis of Variance. 


Phrase length (W/P) for descriptions uttered before and after learning, based on 9 subjects and 
9 cartoons. 


TABLE 3b 

SOURCE SUM OF SQUARES af VARIANCE ESTIMATE 
Between subjects 318.90 8 39.86 
Before and after learning 69.47 1 69.47 
Interaction (block and subjects) 224.40 8 28.05 

Error 1221.16 144 8.48 

161 
F Learning/Error = 8.19 p < 0.01 
F Subjects/Error = 470 p < 0.001 


3.30 p < 0.01 (nearly 0.001) 
Analysis of Variance. 


F Interaction/Error 


Phrase length (W/P) for summaries uttered before and after learning, based on 9 subjects and 
9 cartoons. 


for descriptions and summaries. The F ratio for the former was 51-5, p < 0-001 and 
for the summaries 8-2, p < 0-01 (see Table 3). 

(3) The mean phrase length of the individuals performing the verbal tasks of describing 
and summarising the meaning of pictures for the first time ranged between 3-2 and 
6-0 words per phrase (i.e. also per pause) for the descriptions and between 2-5 and 5-7 
words for summaries. This does not, however, mean that phrases of greater length or 
shorter did not occur. The above figures are averages covering distributions of an 
extremely wide range, but of great skewness with the mode in the very low values of 
one to three words per phrase according to the individual. The maximum phrase length 
reaches 23 words. 
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TABLE 4 

DESCRIPTIONS 
SOURCE SUM OF SQUARES af VARIANCE ESTIMATE 
Between subjects 226.53 8 28.32 
Between cartoons 81.22 8 10.15 
Error 648.47 64 10.13 

80 
F Subjects/Error = 2.60 p < 0.05 
F Cartoons/Error = 100 NS. 
SUMMARIES 
SOURCE SUM OF SQUARES df VARIANCE ESTIMATE 
Between subjects 463.40 8 57.93 
Between cartoons 169.17 8 21.15 
Error 835.68 64 13.05 

80 


F Subjects/Error 
F Cartoons/Error 


444 p < 0.001 
1.62 N.S. 


Analysis of Variance. 


Effect of learning on phrase length (W/P), based on 9 subjects and 9 cartoons. 


Fig. 2 shows the cumulative percentage distribution of the mean phrase lengths for 
descriptions and summaries, uttered for the first and seventh time. It shows that 50% 
of speech is broken up into phrases of less than three words, 75% into phrases of less 
than five words, 80% into less than six words, 90% less than ten words, and that 
phrases of more than ten words uttered with fluency constitute only 10% of speech 
when speakers are engaged in describing pictures for the first time. 

After having repeated their performance six times (in some cases seven, eight or 
nine times) only 35% of speech is broken into phrases less than three words, while 50% 
are less than five words in length, 65% less than six words, 85% less than ten words, 
and 90% less than twelve words. Thus even in speech as well learned as this, phrases 
with more than ten words are uttered in only 15% of cases. 

The cumulative percentage distribution of the mean phrase lengths for psychiatric 
interviews is practically identical as regards the middle values with this same distribu- 
tion for descriptions after learning, but has a somewhat smaller proportion of very 
short phrases (less than three words) and contains more very long phrases, going up to 
30 words (see Fig. 2). Of the five speech situations analysed for individual phrases, 
interviews showed the highest continuity, and we may assume from the mean values 
that discussions show even greater continuity. 
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Fig. 2. Cumulative frequency distributions (percentages) of phrase lengths in five speech 
situations. 


It should be noted that the criterion of continuity or fluency is a lenient one, the 
minimum break classified as a pause being 0-25 sec.; in other words, allowance is made 
for gaps of up to 0-25 sec. which occur much more frequently than longer breaks and 
which may serve articulatory or rhetorical purposes. Thus fluency in our sense is not 
necessarily a complete continuity of sound production, but continuity within such 
limits as might be thought necessary for well articulated, structured and intelligible 
speech. 


DISCUSSION AND CONCLUSIONS 


The significance of phrase length and its dependence on the situation in which 
speech is uttered might be better understood if we consider the following facts: 

The mean phrase lengths of speech recorded in discussions was 7-5 words, which is 
the same as the phrase lengths of highly practised descriptions (7-5 words) as against 
4-8 words in the original descriptions. Before drawing further conclusions it should be 
noted that the speakers were different people, but that the sample in the discussions 
was larger (21 speakers) and more widely distributed socially and educationally. If we 
single out the adult group socially and educationally corresponding to the speakers in 
the descriptions (cartoon experiment) we observe a very wide distribution of phrase 
lengths covering the same range as those based on the sample of adolescents. A further 
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indication may be gained from the fact that one of the speakers in the discussions of 
the academic adult group was also a subject in the cartoon experiment and that his 
mean phrase length in discussion was 11-1 words while it was 5-9 words in the 
descriptions, and 9-2 words after seven repetitions. A further datum indicative in this 
context is that speaker “C” of the adult group of whom we have figures for two 
different discussions, produced a phrase length of 12-9 words on one occasion and of 
5-8 words on the other. This seems to be in contradiction to the fact of individual 
consistency unless a basic difference in the conditions of speech production can be 
shown to have existed which might be responsible for such a shift, one which is 
comparable to the shift from spontaneous to well-learned descriptions. On examining 
the context, such a difference was indeed found. 


In the first discussion (phrase length = 12-9 words) “C” talked to her colleagues 
treating the debate in a joking and light-hearted manner. The second discussion 
(phrase length = 5-8 words) in which “C” debated against her chief, an extremely 
skilful debater, was a situation of much greater challenge and to demonstrate a high 
quality of argument was for “‘C ” a matter of some consequence. 


Obviously discussions allow for a greater generality of conditions than situations in 
which the subject is directed to devote himself to one special operation, and taking 
the above facts into account, one might argue as follows: Discussions are a type of 
situation which allows for a mixed bag of operations. Automatic verbalisation of well- 
learned sequences will alternate with the utterance of words and expressions individually 
selected and fitted to the occasion, with the new formulation of general statements, etc. 
The proportion of each type of speech, and level of speech planning will depend on 
the type of discussion, the demands made on the speaker either by interlocutor, or 
theme, or other factors in the situation (e.g., listeners), the speaker’s individual dis- 
position, or the time factor inherent in the situation and the extent to which it is 
inimical to delay. If phrase length is an indication of how automatic the utterance of 
a sequence has become, as we may now be justified in assuming, speakers in discussions 
and conversations generally are more fluent than in the verbal tasks of describing and 
summarising the meanings of events perceived when no time limit was imposed, 
because there is either no need, or under the pressure of the interlocutor’s possible 
interruption, little encouragement to indulge in or rise to reflective speech. Only when 
intellectual quality is at a particular premium, as was the case in the discussion “ C ” vs. 
“1D”, the motivation to reflect was stronger than that to keep talking. Fluency had 
to be sacrificed to intellectual quality—to good rather than glib argument. 

The greater fluency in general of discussions is thus a reflection of the fact that the 
situations of social interaction are not as conducive to verbal planning of a high quality 
as those in which speakers are allowed to soliloquize. 

Further evidence confirming this conclusion comes from the measurements of the 
phrase lengths in psychiatric interviews. Fig. 2 shows that the cumulative percentage 
distribution of frequencies of the mean phrase lengths for the five interviews analysed 
coincides in the main part with those of the descriptions after learning, and differs 
from the spontaneous descriptions even more than from the former inasmuch as it 
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contains, at the tails of the distribution, even longer phrases at the one end, and a 
smaller number of one-, two- and three-word phrases at the other. Psychiatric inter- 
views are devoted to the recall of emotionally charged material from patients’ personal 
histories. The emphasis is on the production of the raw material of experience. The 
more successful the interview, the less selective is the interviewee towards his material 
and the way he presents it and the more he follows association by contiguity. Hughlings 
Jackson observed (1932) that emotional speech is a sub-class of automatic speech. The 
distribution of phrase lengths in psychiatric interviews is in keeping with this 
classification. 

The relevance of level of intellectual activity to phrase length is also exemplified by 
the fact that the levelling influence of learning on individual differences shows itself 
more clearly in the descriptions than in the summaries. The transformation of 
spontaneous, newly organised speech into well-learned automatic speech productions is 
more efficient when the verbal task is such that a lesser degree of abstraction is involved. 

In the former, less difficult operation, i.e. in the descriptions, the verbal form 
achieved seems to be accepted with, or soon after, the first formulation, leaving scope 
for the learning process to achieve smooth utterance. The initial formulation is 
subjected to learning with confidence. Poor efficiency in the learning process would 
indicate that such confidence is lacking ; that, in fact, learning may not be taking 
place, or only partially, because formulations are not accepted as final and are further 
elaborated. 

The persistence of individual differences in spite of the same amount of practice in 
descriptions and summaries points to a residue of creative speech processes resisting 
automatic performance in some speakers more than in others. It indicates that some 
speakers tend to be less confident in accepting their first formulations as final than 
others, and the fact that this difference is much more pronounced in the summaries 
than in the descriptions points to a special significance of efficiency in the learning of 
spontaneous speech material as measured by increase in continuity of utterance. 
Efficiency in this sense, it would seem, is a function of the attitude of the learner to his 
material. Its degree is a measure of the extent to which speech utterance has ceased to 
be a creative process and its production a conscious effort. Efficiency in learning would 
be at its best when the choices made at the first attempt are accepted as final and at its 
worst when uncertainty lingers on and new choices are made or contemplated. The 
higher the intellectual level of verbal production the more the efficiency in transforming 
them into smooth utterance distinguishes between individuals. 


Further information as to what kind of individual achieves smoothness of utterance 
more or less efficiently may also contribute towards our understanding of what is 
implied in the efficient transformation of choice into automatic speech action. To this 
purpose gain in continuity as measured by the increase in “ phrase” length when 
formulating the descriptions and summaries for the first time was correlated with two 
hesitation phenomena, silent pauses and filled pauses. The former was measured in 
pause time per word produced (P/W) and the latter by the rate of occurrence of “ ah ” 
and “hm ” sounds (or filled pauses) per second of silent (or unfilled) pause. 
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TABLE 5 


EL(d) EL(s) P/W(d) P/W(s) FP/UP(d) FP/UP(s) 


EL(d) 

EL(s) 0.617* 

P/W(d) —0.208 0.279 

P/W(s) —0.133 0.817** 0.703* 

FP/UP(d) —0.267.  -—0.767* 0.036 —0.550 

FP/UP(s) —0.767* —0.667* —0.600* —0.633* 0.867** 


** Significant at 1% level. 
* Significant at 5% level. 


Intercorrelation table (Spearman’s rank correlation coefficient) showing the effect of learning (EL). 


EL(d) = effect of learning in descriptions. 

EL(s) = effect of learning in summaries. 

P/W(d) = pause time per word in descriptions. 

P/W(s) = pause time per word in summaries. 

FP/UP(d) = ratio of filled pause to unfilled pause time in descriptions. | 
FP/UP(s) = ratio of filled pause time to unfilled pause time in summaries. 


Both these hesitation phenomena had previously (Goldman-Eisler, 196la and b) been 
shown to be speech habits characteristic of individuals while at the same time reflecting 
different internal processes. Silent hesitation, i.e. an arrest of external vocal activity 
(speech or non-linguistic vocal action) was shown to reflect cognitive activity such as 
selection, abstraction or planning in speech, for periods proportional to the difficulty 
of the cognitive task, while vocal hesitation (“ ah”, “hm”, “er” sounds) seemed to 
reflect emotional attitudes. The former, the silent hesitations distinguished sharply 
between descriptions and summaries ; the latter, the vocal hesitations, were insensitive 
to the differences in the cognitive processes stimulated in these two verbal tasks. 

Table 5 shows the correlations between the means for individuals of three speech 
parameters, (1) the gain in continuity through learning, (2) pause time per word 
produced, and (3) rate of occurrence of filled pauses per second of unfilled pauses. 
From this we see that the individuals who are most efficient in achieving continuity 
after frequent repetition in the final utterance of summaries were those who paused 
longest when formulating them for the first time. (There is no such relationship for 
the descriptions.) These speakers were also least given to vocal hesitations, i.e. to 
“ ah ”-ing and “ hm ”-ing. 

We have previously (Goldman-Eisler, 1961 b) concluded that speakers consistently 
inclined towards delay of action and tolerance of silence achieved superior (i.e. more 
concise) stylistic and less predictable linguistic formulations, whilst those inclined 
towards greater verbal as well as vocal activity and to intolerance of silence were 
marked by inferior stylistic achievement (long-winded statement) of greater predict- 
ability. We may now add that the former achieve greater efficiency as measured by 
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smoothness or continuity of utterance when subjecting their productions to the process 
of learning. 

In other words, initial delay in the production of speech accompanying verbal 
planning at a high level of cognitive activity, such as abstraction and generalisation, pays 
off in the ultimate efficiency of the process of reproduction. 

The general maxim that time invested in reflection initially is compensated by 
greater efficiency ultimately has thus been shown to be valid in the field of verbal 
planning, and speech parameters have been evolved to describe the relevant relation- 
ships in quantitative terms. 
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THE DISTRIBUTION OF PAUSE DURATIONS IN SPEECH 


FRIEDA GOLDMAN-EISLER 
University College, London 


The subject of this paper is the duration of individual pauses and their distribution 
over extensive tracts of speech uttered in a variety of situations. The determinants 
isolated include individuals and conditions of speech utterance (social, emotional, 
cognitive). The analysis of pause time into duration of individual pauses and pause 
frequency was shown to be more powerful in gauging the type of decision involved in 
the production of speech than either of these parameters alone. 


The main concern of previous studies which have centred around the measure of 
pause duration has been its relation to processes of selection, verbal planning and the 
generation of information in speech. (Goldman-Eisler, 1958, 1961.) The distribu- 
tion of the individual pauses had so far not been studied. The measures used were 
the summated lengths of the individual pauses which occurred within the utterances 
(word sequences) concerned. 

The present paper is concerned with the lengths of the individual pauses and their 
distribution over extensive tracts of speech. The material used for measurement was the 
same as that described in the previous paper (Goldman-Eisler, 1961). 

The technique rests as before on the transformation of sound to visible recordings. 
The pen-recorder connected with the tape recorder was run at a speed such that 3 mm. 
on the visual record represented one second. The material is summarised in Table 1 
where Description 1 and Summary 1 refer to the first spontaneous attempt at describing 
and summarising the meaning of cartoon stories from the “ New Yorker ” as reported 
previously (Goldman-Eisler, 1961) and Description 7 and Summary 7 refer to the 
seventh repetition of the spontaneous version (see also page 220 of this issue). 


RESULTS 


The following facts have emerged from these measurements : — 
(1) The lengths of individual pauses are distributed differently for different individuals. 
This was shown by testing the significance of the differences between the frequencies 
of nine distributions of pause lengths derived from the nine subjects in the cartoon 
experiment. The x* for N = 32 was 387-39, the probability being far less than 0-001. 
The frequencies were in classes of 0-5 sec. and for the data obtained through the 
cartoon experiment the frequencies in the class of less than 0-5 sec. were divided into 
those of less than 0-25 sec. and 0-25 to 0-5 sec. In previous work, gaps in speech of 
less than 0-25 sec. have been excluded from consideration under the term hesitation 
pause, so that this division has qualitative significance. As the ratio of the very short 
pauses—less than 0-25.—which we might call articulatory pauses, to the shortest 
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TABLE 1 
SPEECH SITUATIONS NO. OF SUBJECTS NO. OF PAUSES 
Cartoon Experiment (Description 1) 9 1,367 
Cartoon Experiment (Summary 1) 9 694 
Cartoon Experiment (Description 7) 9 971 
Cartoon Experiment (Summary 7) 9 519 
Discussions (Adult) 5 529 
Discussions (Adolescents) 8 414 ¢ 943 
Psychiatric Interviews 7 969 
TABLE 2 
SPEECH SITUATIONS Less than 3.0 - 8.0 sec. 


0.5 sec. 10sec. 2.0 sec. 3.0sec. 8.0 sec. and over 


Cartoon Descriptions (spontaneous) 47.8 23.7 17.2 6.0 4.6 0.7 
Cartoon Summaries (spontaneous) 43.6 19.8 16.3 8.8 9.6 1.9 
Cartoon Descriptions (learned) 59.6 24.3 12.7 2.7 0.7 0.0 
Cartoon Summaries (learned) 63.7 20.0 13.5 2.0 0.8 0.0 
Discussions (Adults) 49.9 37.1 12.0 1.0 0.0 0.0 
Discussions (Adolescents) 41.4 41.1 16.0 1.3 0.1 ‘ii \ 0.0 
Psychiatric Interviews 16.4 33.9 28.6 10.8 9.6 06 : 


Percentage occurrence (means) of pauses of different duration. \ 


hesitation pauses proper (0-25 to 0-5 sec.) is about 2 to 1 in all these four speech 
samples, we might not be far out if we assume such a ratio in respect of the other 
speech situations. 


(2) The distribution of pause lengths is determined by the type of situation in which 
speech is uttered. The cumulative frequency distributions based on the mean 
frequencies for each of the speech situations measured show considerable differences 
which are highly significant (p < 0-001 ; see Fig. 1). 


(3) The most remarkable fact about these differences (see also Table 2) is that pauses 
in discussions, whether among academic adults, or adolescent middle and working 
class schoolboys are never longer than three seconds and that 99% are less than 
two seconds. 


(4) As with phrase lengths (Goldman-Eisler, 1961b) the distribution of pause lengths in 
discussions approaches that of the well-learned reproductions of the descriptions and 
summaries of cartoons more closely than any other, while spontaneous, first-time 
descriptions and, to an even greater degree, summaries occupy a distinctly different 
universe containing a smaller proportion of short and a larger proportion of long 
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Fig. 1. 


pauses. While 87-0% and 82-5% of all pauses in discussions are less than one second 
the proportion for the speech describing and summarising cartoon stories for the first 
time was only 71-5% and 65-9% respectively. In the latter we find sizeable quantities 
of pauses longer than 3 sec. (5-4% for descriptions and 10-4% for summaries) tailing 
off towards spans of more than 20 sec., whilst the discussion situation does not seem 
to permit at all a break in vocal production of more than 3 sec. 


(5) The majority of the pauses in excess of 3 sec. (5-1% for descriptions and 8-1% 
for summaries) extend as far as 8 sec., but a small proportion (0-5% and 2-3%) of 
pauses can be very long indeed, the maximum being 30 sec. 


(6) Psychiatric interviews have a smaller proportion of short pauses (50% less than 
one second) and a large proportion of pauses of middle length (up to 3 sec.), but have 
less of the extremely long pauses which characterize speech in the cartoon experiment. 
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In fact, the psychiatric interview was the only speech situation investigated in which 
pause lengths maintained a central tendency ; pause length for the other conditions of 
speech was distributed exponentially, the frequencies fast diminishing after a pause 
length of one second but having a significant tail of very long pauses when descriptions 
and particularly summaries of the meaning of a cartoon were formulated anew. 


DISCUSSION 


We have so far taken measurements of pauses in speech in three ways: (1) Total 
duration of pausing for any utterance, a quantity which may be rendered independent 
of the length of utterances by expressing it as a ratio of pause time to number of words 
(P/W in seconds), i.e. pause time to speech time ratio. 

(2) Frequency of pausing, which, measured in relation to words produced, may be 
expressed as a ratio of one pause to so many words, or reciprocally as number of 
words produced per pause (W/P in words), which is also a measure of continuity, i.e. 
length of word sequence uttered without break (“ phrase length ”) and 

(3) the duration of individual pauses as they alternate with individual word sequences. 
We may study their distribution in any speech sample investigated and derive from 
it a central value. 

While the total pause time must be a function of the frequency and length of the 
individual pauses, the two components may be subject to variation, which would be in 
inverse direction. The function is hyperbolic (y = ab, where y is the total pause time 
and a and b are frequency and duration of individual pauses). 

As for any particular total pause time a wide range of combinations of frequency 
and length of individual pauses from which it can result is conceivable, a new dimension 
of measurements is attained by taking the two factors into account and thus offers a 
wider scope for differentiating individuals and the conditions (psychological, physio- 
logical and social) of speech production. 

Obviously information about any one of these parameters only is incomplete ; for 
speech samples comparable on the basis of total pause time may be not at all com- 
parable when frequency and length of individual pauses are taken into account 
separately. Equally, speech matched on the basis of frequency of pauses (and “ phrase 
length”) may differ greatly when the length of the individual pauses is taken into 
account. And similarly, individual pauses of similar length may divide phrases of 
different length under different conditions or with different individuals. 

This is indeed the case when we compare the distributions of pause durations for 
interviews with the other speech situations. For pause duration, interviews show some 
overlap with the original descriptions and summaries, the other speech situations taking 
up an entirely distinct space (see Fig. 1). As regards frequency of pauses and therefore 
“phrase length” or continuity on the other hand, the original descriptions and 
summaries (especially the latter) are furthest removed from the interviews ; these are 
nearly identical with the frequency distributions of the well-learned reproductions of 
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the description (D 7). In other words, interviews approach in their proportion of long 
pauses the most intellectual speech production, i.e. those requiring the highest level 
of verbal planning, while in frequency of pauses they are comparable to the most 
automatic speech products requiring least verbal planning. 


In the assembly of speech situations considered in this study the psychiatric inter- 
views were unique in that they were the only ones whose function was to stimulate the 
expression of emotion by way of recalling emotionally charged material from personal 
history. The rest were dedicated either to the display of cognitive functions such as 
those required in debating controversial issues (as in discussions) or in the verbal 
encoding of pictorial contents and the re-coding of their meaning, i.e. the display of 
powers of symbolic expression, or to the display of processes of learning and 
reproduction. 


It is therefore interesting to see that it is in this condition of speech production, 
namely the psychiatric interview, and only this, that we find what might be felt to be an 
irrational constellation, namely a combination of long pauses, an indicator of processes 
of selection and planning, and long “ phrases”, an indicator of automatic action. If 
we also note the relative paucity of very short pauses (less than 0-5 sec.) in interviews 
we may be impressed by an all-or-none quality which is not shared in speech uttered 
under rational conditions. It would seem that the very short hesitations are a sign of 
a deliberate and cautious approach to verbal action even where choice is easy or already 
made. This is in keeping with the high proportion of short pauses in the well-learned 
reproductions (D 7, S 7) and the decreasing length of pauses with each repetition of 
a text already selected (Goldman-Eisler, 1961a). It is reasonable to argue that short 
pauses cannot be sustained in states of emotional excitement once speech action has 
got under way. Speech divided by pauses of less than 0-5 sec. would be speech not 
so much interrupted as speech slowed down, and we know that nothing requires 
central control as much as the slowing down of activity in progress. The incompati- 
bility of distributing movement over a longer span of time with states of emotional 
excitement has been demonstrated by Luria (1932). 


With this in mind it might be useful to contemplate the function of the longer pauses 
which are characteristic of interviews. If we consider that the verbal sequences which 
succeed them are mainly emotionally charged reminiscences or impulsive expressions of 
emotional attitudes of a length matched only by weil-learned speech products (Goldman- 
Eisler, 1961b) we might be exercised by the following problem: If we are dealing here 
with largely automatic speech, i.e. highly predictable speech sequences, familiar to the 
speaker, how are we to explain the length of pauses, if pauses are indicators of selection 
and verbal planning ? 


I have previously referred to three types of decision which might be responsible for 
the delay of speech action (Goldman-Eisler, 1961). These were lexical decisions, 
decisions concerning structure and content decisions. I suggest that the first two, that 
is decisions strictly concerned with verbal planning, are of minor importance in 
psychiatric interviews. But that the interview situation does involve the interviewee in 
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serious decision-taking as far as content is concerned. And that the content decision 
is of a kind specific to such interviews, i.e. that it is not only a decision as to “ what 
to say”, but also one of “ whether ” to verbalise contents which rise to the surface of 
consciousness in the course of the interview by virtue of its dynamics, as soon as the 
interviewee co-operates in the procedure. Unless guided and directed into a selective 
attitude towards his material (which was not the case in the interviews under discussion 
which were non-directive, the patient being left to his own associations) the material 
produced will be touched off by contiguous association. 

The decision confronting the interviewee will therefore be whether to utter or to 
suppress contents presenting themselves more or less automatically. Much of the 
pausing in psychiatric interviews should account for conflict of this kind and the 
succession of a long pause by a long and fluent verbal sequence would indicate that 
the decision was one largely of whether to open the flood gates of surging material and 
to what extent to contain it rather than how to formulate it ; on the other hand, when 
long pauses are followed by statements structured by short pauses into a series of 
shorter phrases, we would suspect the decisions involved to be largely lexical and 
structural. Thus the combined measure of pause and phrase length is necessary to 
appreciate more specifically the processes underlying speech utterance. 
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